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(54) Constant velocity joint for wheels 

(57) There is disclosed a constant velocity joint com- 
prising an inner member (2) having an inner engage- 
ment groove (7), an outer member (52,3) having an out- 
er engagement groove (8), a cage (9) and eight engage- 
ment balls (4) provided in the cage between the inner 
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engagement groove and the outer engagement groove. 
The cage (9) has longer and shorter pockets (10a, 10b), 
the shorter pockets (10b) are disposed with an interval 
of 90 degrees, and the difference between the longer 
and shorter pockets is in the relation of (yQ'-Yi)Dc/2^l-^ 
(Yo-Yi)Dc- 
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Description 

Field of the Invention 

5 [0001] The present invention relates to a rolling bearing unit and constant velocity joint for wheels, specifically a 
rolling bearing unit and constant velocity joint for rotalably supporting a front wheel of the automobile of the front engine 
front wheel drive (FF) type or four wheel drive (4 WD) with respect to the suspension. 

Background of the Invention 

[0002] In order to rotalably support a vehicle wheel or road wheel with respect to the suspension, various kinds of 
rolling-bearing units for wheels have been used wherein outer and inner races or rings can relate freely by way of 
roliing members, Here, when a rolling-bearing unit for supporting the front wheel of the FF automobile or 4WD auto- 
mobile, which is the driven wheel as well as the steering wheel, is combined with a constant velocity joint, it is necessary 
15 that rotation of the drive shaft be transmitted smoothly (maintaining uniform speed) to the vehicle wheel regardless of 
the steering angle applied to the vehicle wheel. 

[0003] Also, when a rolling-bearing unit for supporting the driven wheel of the automobile with the independent type 
suspension is combined with a constant velocity joint, it is necessary that rotation of the drive shaft be transmitted 
smoothly (maintaining uniform speed) to the vehicle wheel regardless of the relative displacennent between the differ- 

20 ential gear and the driven wheel and of the steering angle applied to the vehicle wheel. 

[0004] WO 97/24538 disclosed an eight ball constant velocity joint wherein (1) the ratio of the pitch circle diameter 
of the torque transmitting balls to the diameter of the torque transmitting balls is between 3.3 to 5.0. and (2) the ratio 
of the outer diameter of the outer joint member to the pitch circle diameter of the tooth profile of the inner joint member 
is set within the range from 2.5 to 3.5. 

25 [0005] However, U.S. Patent No. 5.221 ,233 had disclosed prior to WO 97/24538 an eight ball constant velocity joint, 
wherein determining the dimension relation of (1) and (2) above is an inherent setting matter under the limited condi- 
tions, which can be practically set by a person skilled in the art in the most optimum values taking into consideration 
the strength of the outer joint member, the strength of the inner joint member, and the strength of the cage. 
[0006] in addition. In the eight ball constant velocity joint of WO 97/24538. (3) the cage has short and long pockets, 

30 the short pockets being arranged with a space of 180 degrees between Ihem. 

[0007] However, U.S. Patent No. 5,509,856 (filed on October 13, 1993, its German counterpart is published on March 
24, 1994) disclosed a technology of the six ball constant velocity joint where the width of the posts (webs or column 
sections) of the cage is sufficiently kept while being capable of incorporating the balls in it. 

[0008] Specifically, since the balls already incorporated move circumferenlially in the cage pockets when the cage 
35 is tilted to incorporate the remained balls, the pockets must be longer by that amount. 

[0009] However, the last two balls for incorporation to be spaced apart from each other with a space of 180 degrees 
is not required to move circumferentially, so that the pockets spaced apart 180 degrees for the last two balls can be 
shorter. Therefore, the width of the posts (webs or column sections) of the cage can be wider to improve the cage 
strength. 

40 [0010] On the other hand, U.S. Patent No. 5.221.233 discloses a technology to make the number of balls eight to 
increase the load capacity. Upon combining these technologies, the former technology to make the incorporation con- 
venient has no relation with the latter technology to increase the load capacity. Accordingly, there is no relation between 
the arrangement of shorter pockets spaced apart 180 degrees and the increase of balls from six to eight, and there is 
no special technical meaning in combining such technologies, 

45 [0011] A relatively compact and lightweight rolling-bearing unit for wheels used with this kind of constant velocity 
joint has been disclosed in Japanese Patent Publication TokuKai-Hei No.7-3 17754, 

[0012] Fig. 1 shows the construction of the bearing described in this disclosure. When installed in the vehicle or 
automobile, the outer race or ring 11 , which does not rotate when supported by the suspension, has a first installation 
flange 1 2 for supporting it to the suspension around its outer peripheral surface and a double row of outer-ring raceways 
50 13 around its inner peripheral surface. Disposed on the inside of the outer race or ring 11 is a hub 16 which comprises 
a first inner race or ring 14 and a second inner ring 15. 

[0013] The first inner ring 14 has a second installation flange 17 for supporting the vehicle wheel on one end portion 
(left end portion in Fig. 1) and a first inner ring raceway 18 on the other end portion (right end portion in Fig. 1), both 
of which are cylindrical shaped. 
55 [0014] The second Inner ring 1 5 has a cylindrical section 19 on one end portion (left end in Fig. 1) for filling the first 
inner ring 14 thereon, a housing portion 52, which is the outer member or ring of the constant velocity joint 1 (detailed 
later), on the other end portion (right end in Fig. 1). and a second inner ring raceway 20 around the outer peripheral 
surface in the middle portion. By placing several rolling members 21 between the outer-ring raceways 13 and the first 
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and second inner-ring raceways 18, 20. respectively, the hub 5 can rotate freely inside the outer ring 11. 
[0015] Moreover, a Hrst attachment groove 22 Is formed in the inner peripheral surface of the first inner ring 14 and 
a second attachment grooves 23 is formed in the outer peripheral surface of the second inner ring 15. where the first 
and second attachment grooves 22, 23 come together in alignment, and by placing a retaining ring 24 in both of these 
5 attachment grooves 22, 23, the first inner ring 14 is prevented from coming out of the second inner ring 15. 

[0016] Furthermore, the outer peripheral edge of one end face (left end face in Fig. 1) of the second inner ring 15 is 
joined to the inner peripheral edge of a stepped section 25 formed around the inner peripheral surface of the first Inner 
ring 14 by a weld 26, such that the first ring 14 and second inner ring 15 are joined together. 

[001 7] Also, a substantially cylindrical shaped cover 27a and a circular ring shaped seal ring 28a are located between 
10 the opening portion at one end of the outer ring 11 and the corresponding outer peripheral surface portion in the middle 

portion of the hub 16 while a substantially cylindrical shaped cover 27b and a circular ring shaped seal ring 28b are 
located between the opening portion on the other end of the outer ring 11 and the corresponding outer peripheral 
surface portion in the middle portion of the hub 16. The substantially cylindrical shaped covers 27a, 27b are made of 
metal such as stainless steel, and the circular ring shaped seal rings 28a, 28b are made of elastic material such as 
15 rubber or elastomer 

[0018] These covers 27a, 27b and seals 28a, 28b seal off the area where the rolling members 21 are located from 
the outside, which prevents the grease in this area from leaking out. and also rain water, dirt or other foreign matter 
from getting into this area. 

[0019] Moreover, there Is a partition plate 29 inside of the middle portion of the second inner ring 15 to close off the 
20 inside of the second inner ring 15. which maintains the rigidity of the second Inner ring 15, and prevents foreign matter 
that has gotten into the inside of the second inner ring 1 5 through the opening on the one end (left end in Fig. 1) from 
reaching the constant velocity joint 1 located on the Inside of the housing portion 52. 

[0020] The constant velocity joint 1 comprises an inner member or ring 2, retainer or cage 9 and multiple balls (en- 
gagement balls) 4 in addition to the housing portion 52. Of these components, the inner ring 2 is attached to the end 
25 of the drive shaft (not shown in the figures) which is driven and rotated by the engine by way of the transmission. 

[0021] There are six inner engagement grooves 7 having an arc-shaped cross-section which are formed on the outer 
peripheral surface of the inner ring 2 such that they are separated at equal intervals in the circumferential direction 
and are perpendicular to the circumferential direction. 

[0022] Moreover, there are six outer engagement grooves 8 having an arc-shaped cross-section which are formed 
30 on the Inner peripheral surface of the housing 52, such that they are perpendicular to the circumferential direction. The 

outer engagement grooves 8 face the inner engagement grooves 7 for engagement, respectively. 

[0023] The retainer 9 has an arc-shaped cross section and is entirely circular ring shaped and is placed between 

the outer peripheral surface of the inner ring 2 and the inner peripheral surface of the housing portion 52. At six places 

around the circumference of this retainer 9, pockets 10 are located at the position in alignment with the inner engage- 
rs ment grooves 7 and outer engagement grooves 8, and there is one ball 4 held inside each one of these pockets for a 

total of six balls 4. With each balf 4 held In a pocket 10, they can rotate freely along the inner engagement gnDoves 7 

and outer engagement grooves 8. 

[0024] When installing the rolling-bearing unit for wheels, that is constructed as described above, into a vehicle, the 
outer ring 11 is supported by the suspension through the first installation flange 12, and the vehicle wheel, which is a 

40 driven wheel or front wheel in this case is fastened to the first inner ring 14 by the second installation flange 17. 

[0025] Also, the tip end portion of the drive shaft (not shown in the figures) which is rotated and driven by the engine 
by way of the transmission, fits Inside the inner ring 2 of the constant velocity joint 1 by a spline engagement. When 
the vehicle is moving, the rotation of the inner ring 2 is transmitted by way of the multiple balls 4 to the hub 16 which 
includes the second inner ring 15. thereby rotating and driving the driven wheel or front wheel. 

45 [0026] In the case of the conventional rolling-bearing unit for wheels as shown in Fig. 1, it is very difTicult to made 
the unit more compact and lightweight. The reasons for this are as follows. The number of the inner engagement 
grooves 7, outer engagement grooves 8 and balls 4 located Inside the constant velocity joint 1 which Is built into the 
rolling-bearing unit described above is normally six for each. 

[0027] Therefore, in the case of this kind of rolling-bearing unit with constant velocity joint 1 integrally built in, it is 
50 necessary to increase somewhat the outer diameter of the balls 4 of the constant velocity joint 1 in order that the 
required torque may be transmitted while maintaining the rolling fatigue life of the Interfacing groves 7, 8 and the rolling 
surfaces of balls 4 in the constant velocity joint 1 . 

[0028] Accordingly, in the case of this conventional rolling-bearing unit for wheels, the diameter of the circumscribed 
circle of the outer engagement grooves 8, that is determined by the size of the diameter of the circumscribed circle of 
55 the balls 4, Is larger than the diameter of the second inner ring raceway 20 around the outer peripheral surface of the 
second inner ring 1 5, which Is one of the inner-rifig raceways 18, 20 that are formed in rows around the outer peripheral 
surface in the middle portion of the hub 16. 

[0029] Therefore, this conventional rolling-bearing unit for wheels comprises a rolling-bearing portion and a constant 
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velocity joint portion which are lined up in series with each other in the axial direction as shown in Fig. 1, wherein the 
rolling-bearing portion is made up of the outer ring 11 with the outer-ring raceways 13 fornned in rows around the inner 
peripheral surface of the outer ring 11, the middle portion of the hub 16 with the first and second inner ring raceways 
1 8, 20 formed around the outer peripheral surface in the middle portion of the hub 1 6. and the multiple rolling members 

5 21 that are located between the first and second inner-ring raceways 18, 19 and the outer-ring raceways 13. 

[0030] With the rolling-bearing portion and constant velocity joint portion arranged in series, the dimensions in the 
axial direction of the entire rolling-bearing unit for wheels become large, which also causes the weight to increase. The 
increased weight of the rolling-bearing unit would cause a larger unspringing load on the vehicle, and therefore it is 
desired that the rolling-bearing unit be made more compact and light weight. 

10 [0031] It is possible to overlap the second inner-ring raceway 20 and part of the outer engagement grooves 8 in the 
radial direction by making the diameter of the second inner-ring raceway 20 larger than the diameter of the circum- 
scribed circle of each outer engagement groove 8, so thai the dimensions in the axial direction of the rolling-bearing 
unit for wheels is reduced. 

[0032] However, if the diameter of the second inner-ring raceway 20 is simply enlarged, instead of being able to " 
15 reduce the dimensions in the axial direction of the rolling-bearing unit for wheels, the dimensions in the radial direction 
become larger, causing the weight of the entire unit to increase by that amount, and thus making it impossible to achieve 
the more compact and light weight rolling-bearing unit. 

[0033] A constant velocity joint is located between the automobile transmission and the drive wheels which are 
supported by an independent suspended-type suspension, and regardless of the relative displacement between the 
20 differential gear and the drive wheel, or the steering angle applied to the drive wheels, the drive force from the engine 
is freely transmitted to the drive wheels with the same angular velocity ail the way around. 

[0034] The constant velocity joint used in this area has been disclosed previously, for example in Japanese Utility 
Model Publication JITSUKAI Nos. Sho 57-145824--5. Sho 59-185425. and Sho 62-120-21. 

[0035] This prior constant velocity joint 1, as shown in Figs. 2 thru 4, transmits a rotating force by way of six balls 4 
25 located between an inner member or ring 2 and outer member or ring 3. The inner ring 2 is fixed to the outer end of a 
shaft 5, which is rotated and driven by the transmission. 

[0036] Therefore, the inner ring 2 is formed at its center portion a spline hole 51 for engagement with a male spline 
portion provided on the end portion of the shaft 5. * 

[0037] Also, the outer ring 3 is fixed to the inner end of another shaft 6 which connects to the drive wheels. Six inner 
engagement grooves 7 arc-shaped in cross section are formed around the outer peripheral surface 2a of the inner ring 
2, and are formed so that they are equally spaced in the circumferential direction and so that they are orthogonal to 
the circumferential direction. Moreover, six outer engagement grooves 8 arc-shaped in cross section are formed around 
the inner peripheral surface 3a of the outer ring 3. and are such that they face the inner engagement grooves 7 and 
are orthogonal lo the circumferential direction. 
35 [0038] Furthermore, a generally ring-shaped retainer 9 with arch-shaped cross section is ntled between the outer 
peripheral surface 2a of the inner ring 2 and the inner peripheral surface 3a of the outer ring 3. Six pockets 10 are 
fonned at six locations in the circumferential direction around this retainer 9 such that they match the locations of the 
inner and outer engagement grooves 7, 8, and a ball (engagement ball) 4 is held inside each of these pockets 10 for 
a total of six balls 4. These balls 4 are held inside the pockets 10, so that they can freely roM along the inner and outer 
40 engagement grooves 7, 8. 

[0039] The pockets 10, as shown in Fig. 3. are rectangular In the circumferential direction, and as the crossing angle 
a of the shaft, to be described later, changes, the space between balls 4 adjacent to each other in the circumferential 
direction can absorb this change. In other words, the relationship between the bottom surfaces 7a of a pair of inner 
engagement grooves 7, and the relationship between the bottom surfaces 8a of a pair of outer engagement grooves 
45 8, as shown by the dashed line in Fig. 5, is as the lines of longitude around the globe. 

[0040] When the center axis of the inner ring 2 matches the center axis of the outer ring 3 (shaft crossing angle a = 
ISO degrees), the balls 4 are located, as shown by the double dashed line in Fig. 5. near what would con-espond to 
the equator of the globe. 

[0041] On the other hand, when the center axis of the inner ring 2 does not match the center axis of the outer ring 
so 3 (shaft crossing angle a < 180 deg.), as the constant velocity joint 1 makes one turn, the balls 4 make one cycle in 
the up and down direction shown in Fig. 5 (move alternately in the direction of the north pole and south pole of the 
globe). As a result, the space between a pair of balls 4 which are adjacent to each other in the circumferential direction 
is enlarged and shrunk, therefore the pockets 10 are rectangular shaped in the circumferential direction so that the 
spacing between the adjacent balls 4 can be enlarged and shrunk. 
55 [0042] The bottom surfaces 7a of the inner engagement grooves 7 and the bottom surfaces 8a of the outer engage- 
ment grooves 8, are not concentric, as will be made evident in the aforementioned explanation. Moreover. The lines 
which correspond to longitudes are shifted a little for each set of engagement grooves 7. 8. 

[0043] Furthermore, as shown in Fig. 2. regardless of. the displacement of the one shaft 5 and the other shaft 6, the 
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balls 4 are located in an equally divided surface Z. that is made by equally dividing the shaft crossing angle a of the 
shafts 5» 6. or in other words that is made by dividing the angle a that is formed by the center axis X of the one shaft 
5 and center axis Y of the other shaft 6 which cross at point O. Therefore, the bottom surface 7a of inner engagement 
groove 7 is located above center axis X on the spherical surface whose center is point D that is separated a distance 

5 H from the intersection O. and the bottom 8a of outer engagement groove 8 is located above center axis Y on a spherical 
surface whose center is point E that is separated a distance H from the intersection O. However, the outer peripheral 
surface 2a of the inner ring 2, the inner peripheral surface 3a of the outer ring 3, and the inner and outer peripheral 
surfaces of the retainer or cage 9 are located on a spherical surface whose center is the intersection O, and sliding 
movement of the outer peripheral surface 2a of the inner ring 2 and the inner peripheral surface of the retainer 9, and 

10 the sliding movement of the inner peripheral surface 3a of the outer ring 3 and the outer peripheral surface of the 
retainer 9 is free. 

[0044] In the case of the constant velocity joint 1 which is constructed as described above, when the inner ring 2 is 
rotated by the shaft 5, this rotation is transmitted to the outer ring 3 by way of the six balls 4, and rotates the shaft 6. 
If the positional relationship (shaft crossing angle a) of the shafts 5, 6 changes, the balls 4 rotate along the Inner and 

15 outer engagement grooves 7, 8 to allow for the displacement of the one shaft 5 and the other shaft 6. 

[0045J The basic construction and action of the constant velocity joint was described above, however, recently com- 
bining this kind of constant velocity joint with a roller- be a ring unit for wheels » where the wheel is rotatably supported 
by a suspension, is being studied. In other words, in order for the suspension to rotatably support a vehicle or road 
wheel, a rolling-bearing unit for wheels which rotates freely outer ring and inner ring through rolling members is used. 

20 By integrating this kind of rolling-bearing unit for wheels and the constant velocity joint, described above, it is possible 
to make the rolling-bearing unit for wheels and constant velocity joint more compact and light weight. This kind of 
integrated rolling-bearing unit for wheels and constant velocity joint is called a fourth-generation hub unit and has been 
previously disclosed in Japanese Patent Publication KOKAl No, Hei 7-317754 as previously mentioned on Fig. 1. 
[0046] Explanation is repeated hereinafter. Fig. 1 shows the construction of this previously disclosed rolling-bearing 

25 unit. With the unit installed in an automobile, the outer ring 11 is supported by the suspension and does not rotate, and 
comprises an outer peripheral surface formed with a first installation flange 12 which is supported by the suspension, 
and an inner peripheral surface formed with multiple outer-ring raceway 13. There is a hub 16 located on the inside of 
the outer ring 11 which comprises first and second inner-ring members 14. 15. 

[0047] Of these, the first inner-ring member 14 is cylindrical shaped and has a second installation flange 17 for 
30 supporting the road wheel located on the outer peripheral surface on one end side (left end side in Fig. 1), and a first 
inner-ring raceway 18 located on the other end side (right end side in Fig. 1). 

[004B] On the other hand, the second inner-ring member 1 5 has a cylindrical section 19 on one end portion (left end 
portion in Fig. 1) which fits over and attaches to the first inner-ring member 14, and on the other end portion (right end 
portion in Fig. 1) there is a second inner-ring raceway 20 located around the outer peripheral surface in the middle and 
35 serves as the outer ring 3 of the constant velocity joint 1 . Also, by placing several rotating members 21 between the 
outer-ring raceways 13 and the first and second inner-ring raceways 18. 20, it is possible for the hub 16 to rotate freely 
inside of the outer ring 1 1 . 

[0049] In the locations in alignment on where the inner peripheral surface of the first inner-ring member 14 meets 
and the outer peripheral surface of the second inner>ring member 15, there are attachment grooves 22, and by placing 

40 a attachment ring 24 over these attachment grooves 22, the first inner-ring member 14 is prevented from coming out 
of the second inner-ring member 15. Furthermore, the first and second inner-ring members 14, 15 are connected 
together by a weld 26 between the outer peripheral edge on one end face (left end face in Fig. 1) of the second inner- 
ring member 15, and the inner peripheral edge on a stepped section 25 that is formed around the inner peripheral 
surface of the first inner-ring member 14. 

45 [0050] Furthermore, substantially cylindrical shaped covers 27a, 27b, made of metal such as stainless steel, and 
ring-shaped seal rings 28a. 28b, made of rubber or elastomer, are located between the openings on both ends of the 
outer ring 1 and the outer peripheral surface in the middle portion of the hub 1 6. These covers 27a, 27b, and seal rings 
28a, 28b, cut off from the outside the area where the rolling members 21 are located, so as to prevent the grease in 
this area from leaking out, and to prevent rain water or other matter such as dust from getting in. Moreover, a dividing 

50 plate 29 is located on the inside in the middle portion of the second inner-ring member 15 so that it covers the inside 
of this second inner-ring member 15, so as to securely maintain the rigidity of the second inner-ring member 15, and 
to prevent objects, which have gotten into the inside of this second inner-ring member 1 5 from the opening on the end 
(left end in Fig. 1) of this second inner-ring member 15. from getting into the area of the constant velocity joint la. 
[0051] When installing the rolling-bearing unit for wheels, which is constructed as described above, into an automobile 

55 or vehicle, the outer ring 11 is supported by the suspension by the first installation flange 12, and the vehicle wheel, 
which is the driven wheel, is attached to the first inner-ring member 14 by the second installation flange 17. Also, the 
lip end portion of the drive shaft, which is not shown in the figures and which is rotated and driven by the engine by 
way of the transmission, is connected to the inside of the inner ring 2 of the constant velocity joint 1 with splines. As 
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the automobile moves, the rotation of this inner ring 2 is transmitted to the hub 16. which includes Ihe second inner- 
ring member 15, by way of the several balls 4. and thus rotates and drives the road wheel. 

[0052] In order to make the fourth-generation hub unit described above even more compact, it is effective to reduce 
the diameter of the circumscribed circle of the balls 4 of the constant velocity joint 1. Also, in order to decrease the 
diameter of this circumscribed circle, it is necessary to decrease the diameter of the balls 4. and in order to maintain 
the torque that can be transmitted by the constant velocity joint 1. it is necessary to increase the number of balls 4. 
Moreover, even if the number of balls 4 is increased due to these circumstances, in order to maintain the durability of 
the retainer or cage 9 which holds these balls 4. it is necessary lo maintain the dimension in the circumferential direction 
of the column sections 30 (see Figs. 2. 3. 6 and 9) which are located between pairs of pockets 10 in the retainer 9. 
This is because, if the length in the circumferential direction of these column sections 30 is insufficient, the strength of 
the retainer 9 will not be enough, and when used over a long period of time, damage such as cracking around the 
edges of the pockets 10 could occur. However, increasing the length of the column sections 30 is limited by the fact 
that interference to the balls 4 must be prevented. 

[0053] In other words, first, if the length in the circumferential direction of the pockets 1 0 must be large enough such 
that it is possible for the balls 4 lo be displaced in the circumferential direction of the retainer 9 when rotated at the 
joint angle of the constant velocity joint 1 (angle when the positional relationship of the center axis of inner ring 2 and 
center axis of outer ring 3 shifts from the straight iine state: supplementary angle of the shaft crossing angle a shown 
in Fig. 1). Second, the length must be large enough, so that the balls 4 can be installed in the pockets 10 of the retainer 
9 after the inner ring 2, outer ring 3 and retainer 9 of the constant velocity joint 1 have been assembled. 
[0054J m considering these points, a constant velocity joint 1 which uses more than six balls 4 and a column section 
whose length in the circumferential direction has been enlarged has been disclosed in Japanese Publication TOKUKAi 
No. Hei 9-177814, and is shown in Figs. 6 thru 9. The constant velocity joint 1 of this disclosure is constructed so as 
to transmit rotational power between the inner ring 2 and outer ring 3 by way of eight balls 4. Also, in the construction 
of this disclosure, at eight places In the circumferential direction around the retainer 9 there are pockets 10a which are 
long In the circumferential direction and pockets 10b which are short in the circumferential direction, and they are 
alternately located such that they are evenly spaced (separating pitch angle is the same). Of these two kinds of pockets 
1 0a. 1 0b, the short pockets 1 0b are large enoug h that n either edge in the direction of length of the pockets 1 0b interfere 
with the rolling surface of the balls 4 that are held inside the pockets 10b. even when the constant velocity joint 1 is 
used with a maximum joint angle. On the other hand, the long pockets 10a are large enough that neither edges of the 
pockets 10a in the direction of length interfere with the balls 4 installed already in the pockets 10a, even when the 
center axis of the inner ring 2 and the center axis of the outer ring 3 are inclined such that they exceed the maximum 
operating joint angle in order that the balls 4 are assembled in the pockets 10b. 

[0055] With the constant velocity joint disclosed in Japanese Publication TOKUKAI No. Hei 9-177814 and constructed 
as described above, by placing the balls 4 in the short pockets 10b after placing the balls 4 in the long pockets 10a. 
the balls 4 can be placed inside all of the pockets iOa. 10b. In other words, when placing the balls 4 inside these 
pockets 10a, 10b. the center axis of the inner ring 2 and the center axis of the outer ring 3 are inclined so as lo exceed 
the maximum operating joint angle as shown in Fig. 9. When placing the balls 4 into the long pockets 10a, the edges 
of these pockets 10a and the edges of the inner engagement grooves 7 formed around the outer peripheral surface 
of the inner ring 2 match for one ball 4 or more. Therefore, the balls 4 can be properly placed inside these pockets 
10a. Next, by tilting the center axis of the inner ring 2 and the center axis of the outer ring 3 as shown in Fig. 9. so that 
the balls 4 are placed in the short pockets 10b, the balls 4 already placed in the long pockets 10a. move inside the 
pockets 10a in the direction toward the short pockets 10b as shown by the dashed arrow in Fig. 8. Also, the centers 
of the short pockets 10b match the inner engagement grooves 7 formed around the outer peripheral surface of the 
inner ring 2 In alignment. Therefore, the balls 4 can be property placed Inside these pockets 10b. 
[0056] The state with the balls 4 placed inside the pockets 10a, 10b will be explained using Fig. 10. Fig. 10 diagram- 
matically shows the locations of the pockets 1 0a, 1 0b in the retainer 9 of the constant velocity joint and their respective 
lengths. There are four pockets of each kind 1 0a, 1 0b for a total of eight, and they are arranged so that they are equally 
spaced every 45 degrees [k I 4 radian) around the circumference. The arc-shaped sections that are indicated with, 
code numbers 1 thru 8 together with being shaded, show the positions and lengths of each of the pockets 10a. 10b. 
In other words, the center in the circumferential direction of each of these arc-shaped sections corresponds to the 
center in the direction of length of the pockets 10a, 10b. Moreover, the lengths of these arc-shaped sections indicate 
the amount that the balls 4 in the pockets 10a. 10b (see Figs. 6 thru 9) move in the circumferential direction, corre- 
sponding to the lengths of the pockets 10a. 10b. In other words, the balls 4 that are placed in the long pockets 10a 
freely move a distance Yq in the circumferenUal direction on either side of the center position. On the other hand, the 
balls 4 that are placed in the short pockets freely move a distance in the circumferential direction on either side of 
the center position. These angles and 7^. that are shown in Fig. 10 and also in Fig. 22 to be described later, have 
been exaggerated for the purpose of clarity. Moreover, the work of placing the balls 4 in different arc-shaped sections 
which are concentrically placed and indicated with the code numbers ® thru ® . is performed in order in the radial 
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direction from the inside out. Placing the balls 4 in the same arc-shaped sections is not performed at the same time, 
but which is placed first does not matter. 

[0057] When placing the bails 4 in the retainer 9 disclosed above, first, bails 4 are place in order one at a time in the 
long pockets 10a which are indicated by code numbers® ,@ , © and 0 . Next, balls 4 are placed In order one at 

5 a time in the four short pockets 10b that are indicated by code numbers ® ,@ ,© and © . In order to be able to 
perform this work, the center axis of the inner ring 2 and the center axis of the outer ring 3 are tilted as shown in Fig. 
9, and as is shown by the arrows in Fig. 10, the balls 4 that are already placed in the long pockets 10a move in the 
direction toward the short pockets 10b. However, since the lengths of these pockets 10a are long, the inner surface of 
the lengthwise edges of the pockets 10a do not interfere with the rolling surfaces of the bails Installed already in the 

10 pocket 10a, before the short pockets 10b line up with the inner engagemenl grooves 7 formed on the outer peripheral 
surface of the inner ring 2 for one or more balls 4. Therefore, it Is possible to greatly till the center axis of the inner ring 
2 and the center axis of the outer ring 3 and to properly place the balls 4 in the short pockets 10b. 
[0058] In the case of the constant velocity joint that is disclosed in Japanese Patent Publication TOKUKAl No. Hei 
9-177814, two kinds of pockets 10a, 10b with differing lengths in the circumferential direction are equally spaced and 

^5 alternated in the circumferential direction. Therefore, in comparison with a constant velocity joint that uses only one 
kind of pocket, it is possible to increase the length in the circumferential direction of the column section located between 
adjacent pockets, however, they still cannot be made sufficiently large. 

[0059] In other words, in the prior construction as disclosed in the aforementioned disclosure, there are long and 
short retainer pockets 10a, 10b. however when placing the bads 4 are inside the pockets 10a, 10b, moving (rotating) 

20 the retainer 9 in the circumferential direction was not considered. 

[0060] In regards to this, the inventors have considered an invention, wherein when placing a bait in a pocket, another 
balls already installed in a pocket are arranged to press against the edges of the pockets in the circumferential direction 
so that the retainer rotates in the circumferential direction, therefore of these two kinds of pockets, long and short, it 
is possible to shorten the long pockets and increase the length in the circumferential direction of the column sections, 

25 thus improving the strength and durability of the retainer. 

[0061] However, if the length of the two kinds of pockets, short and long are unrestricted, it may not be possible to 
place the balls inside the pockets or maintain the dimensions of the column sections, thus making it impossible to 
sufficiently improve the durability of the retainer. 

[0062] In JP Patent Publication KOKA) No. Hei 9-317783. there is a description on the constant velocity joint with 

30 eight torque transmitting balls installed therein, specifically on controlling the relation between the pitch circle diameter 
Dp of the eight torque transmitting balls and the torque transmitting ball diameter Dg. and the relation between the 
outer diameter Dq of the outer joint member of the constant velocity joint and the pitch circle diameter Ds of the tooth 
profile (female sen-ation) formed in the inner surface of the inner joint member, more specifically, in the relations of 3.3 
g Dp / Dq ^ 5.0 and 2.5 ^ Dq / Dg ^ 3.5. 

35 [0063] However, a compact constant velocity joint keeping the strength and durability can not be achieved only with 
the control of the relations between the pitch circle diameter Dp and the ball diameter Dq and between the outer diameter 
Dq and the pitch circle diameter Dq. Particularly, the relations between the pitch circle diameter Dg determining the 
torque capacity of the constant velocity joint, the ball diameter Dq greatly affecting the durability of the constant velocity 
joint, and the ball pitch circle diameter Dp and the ball diameter Dq must be arranged taking into full eonsideration the 

40 strength of column portions in the retainer or cage. 

[0064] On the other hand, rf the outer diameter of the outer member or ring of the constant velocity joint with six balls 
installed therein, as conventionally generally constructed, is reduced by 7 % by increasing the number of balls to eight, 
and provided that the ratio of the ball pitch circle diameter Dp to the ball diameter Dg as in JP Publication KOKAI No. 
Hei 9-317783 is 5.0, the ball diameter Dg would be loo small, so that the contact surface pressure between the balls 

45 and the inside surfaces of the outer engagement groove and inner engagement groove would be substaritially higher 
comparing with the constant velocity joint with six balls therein, resulting in lower durability. On the contrary, in the case 
where the ratio of the ball pitch circle diameter Dp to the ball diameter Dg is 3.3. the length of column portions in the 
cage is small diameter D^ due to the larger ball diameter, so that the strength and durability of the cage is reduced. 
[0065] In addition, in JP Publication KOKAI No. Hei 9-317783, where the ratio of the outer ring diameter Dq to the 

50 pitch circle diameter Ds is in the range of 2.5 to 3.5. the following points must be further taken into consideration; 

where the ball pilch circle diameter Dp is set with reference to the inner member or ring and outer member or 
ring in order to make the constant velocity joint compact, and how the ball diameter Dg is set 

[0066] For example, if the ball pitch circle diameter Dp is larger, the thickness of material of the inner member or ring 
would be larger to increase the strength and durability of the inner member or ring, and the column portions of the cage 
55 or retainer would be longer to increase the strength and durability of the cage or retainer. However, the thickness of 
material of the outer member or ring would be thin to decrease the strength and durability of the outer member or ring. 
[0067] On the other hand, if the ball pitch circle diameter Dp is smaller, the wall thickness of material of the inner 
. member or ring would be thin to decrease the strength and durability of the inner member or ring, and the column 
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portions of the cage or retainer would be shorter to decrease the strength and durabitity of the cage or retainer. 
Summary of the Invention 

5 [0068] The present invention takes the problems mentioned above into consideration, and provides a compact and 
durable constant velocity joint which makes it possible to increase the lengths of the column sections, improve the 
strength of the retainer 

[0069] Another object of the present invention ts to provide a compact and light weight rolling-bearing unit for a 
vehicle wheel comprising a roiling bearing portion and a constant velocity portion. 
ID [0070] Another object of the present invention is provide a compact constant velocity joint the strength and durability 
in elements of which are substantially the same to the conventional one with six bail installed therein. 

Brief Description of the Drawings 

15 [0071] 

Fig. 1 is a cross sectional view of part of a conventional combination of rolling bearing unit and constant velocity 
joint for wheels. 

Fig. 2 is a cross sectional view of part of a conventional constant velocity joint in Fig. 1 with a joint angle applied 
20 thereto. . - 

Fig, 3 is a view taken along the line IIMII of Fig. 2 where no joint angle is applied. 
Fig. 4 is a view of part of a cage taken from the outer periphery side. 

Fig. 5 is a diagrammatical view of the bottom surfaces of the inner and outer engagement grooves to show their 
positionreiation. . . 

?5 Fig. 6 is a partly cut-away elevationai view of another conventional constant velocity joint where no joint angle is . 

applied. 

Fig. 7 is a view taken along the line VIl-VII of Fig, 6. 

Fig, 8 is a cross sectional view of a cage installed in the another conventional structure. 

Fig. 9 is a cross sectional view of part of a constant velocity joint where the inner and outer rings are displaced in 
30 a predetermined direction to install balls in the cage. 

Fig. 10 is a diagrammatical view of a cage inslalied in the another conventional structure. 

Fig. 11 is a cross sectional view of part of a combination of rolling bearing unit and constant velocity joint for wheels 

in an embodiment according to the present invention. 

Fig, 12 is a cross sectional view of part of a combination of rolling bearing unit and constant velocity joint in another 
35 embodiment according to the present invention. 

Fig. 13 Is a cross sectional view of part of a combination of rolling bearing unit and constant velocity joint in another 
embodiment according to the present invention. 

Fig. 14 is a cross sectional view of part of a combination of rolling bearing unit and constant velocity joint in another 
embodiment according to the present invention. 
40 Fig. 15 is a cross sectional view taken along the line XV-XV in Fig. 14 to show only the constant velocity joint with 

the cage omitted. 

Fig. 16 is a view taken as indicated by Arrow XVI in Fig. 15 to show a contact ellips between the rolling surface of 
the balls and the outside groove. 

Fig. 17 is a cross sectional view of another example of the present invention. 
45 Fig. 18 is a cross sectional view of a cage to be installed in the constant velocity joint. 

Fig. 19 is a view taken along the line IXX-IXX of Fig. 18. 

Fig. 20 is a cross sectional view to show a cage of the constant velocity joint which is titJed with reference to the 
outer ring so as to allow the ball to be installed. 

Fig. 21 is a cross sectional view to show a relation of the outer ring and the shaft of an installation tool in the state 
50 of Fig. 20. 

Fig. 22 is a diagrammatical view of a cage installed in an embodiment of the constant velocity joint according to 
the present invention. 

Fig. 23 is a view taken along the line XXIII-XXIII of Fig. 17. 

Fig. 24 is a view of the cage and balls taken in the same direction to Fig. 23. 

55 . 

Detailed Description of the Embodiments 

[0072] This invention is applied to an eight ball constant velocity joint comprising an outer joint member (outer member 
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or ring) having a plurality of axially extending curved guide grooves (engagement grooves) formed in the spherical 
inner surface thereof; an inner joinl member (inner member or ring) having a plurality of axiady extending curved guide 
grooves (engagement grooves) formed in the spherical outer surface thereof; a plurality of ball tracks defined between 
the guide grooves (engagement grooves) of the outer joint member (outer members or ring) and the guide grooves 
5 (engagement grooves) of the inner joinl member (inner member or ring) corresponding thereto, the ball tracks being 
enlarged in wedge form in one sense of the axial direction ; a torque transmitting ball (engagement ball) disposed in 
each of the plurality of ball tracks ; a cage having a plurality of pockets for storing the torque transmitting bails (en- 
gagement balls), wherein the number of the bait tracks and the number of the torque transmitting balls (engagement 
balls) disposed are eight. 

10 [0073] Similar to the conventional rolling-bearing unit for wheels described above, the rolling-bearing unit for wheels 
of this invention in one feature comprises an outer ring or race that does not rotate when operated, and has a first 
installation flange on its outer peripheral surface for supporting it by the suspension and outer-ring raceways on its 
inner peripheral surface, and an inner ring or race that rotates when operated, and has a second installation flange 
formed on its outer peripheral surface on one end portion thereof for supporting the vehicle wheel, and inner-ring 

15 raceways on the middle portion thereof, and a housing portion that serves as the outer member or ring of a constant 
velocity joint on the other end portion thereof, and multiple roKIng members rolatably located between the ouler-ring 
raceways and inner-ring raceways. 

[0074] Moreover, oflhese components, the constant velocity joinl comprises an inner ring that is attached to the end 
of the drive shaft, a plurality of inner engagement grooves having an arc-shaped cross section that are formed per- 

20 pendicular to the circumferential direction of the outer peripheral surface of Ihe^ inner member or ring, a plurality of 
outer engagement grooves having an arc-shaped cross section that are formed perpendicular to the circumferential 
direction of the inner peripheral surface of the housing portion such that the outer engagement grooves face the inner 
engagement grooves, respectively, a cage or retainer that is held between the outer peripheral surface of the inner 
member or ring and the inner peripheral surface of the housing portion and formed with pockets in the positions in 

25 alignment with the inner and outer engagementgrooves, and a plurality of balls (engagement balls) that are held inside 
the pockets to rotate freely along the inner and outer engagement grooves. 

[0075] Particularly, in the constant velocity joint of this invention, there are seven or more inner and outer engagement 
grooves, and seven or more balls, and the diameters of the circumscribed circles of outer engagement grooves are 
smaller than the diameter of the inner-ring raceway on the side of the housing portion, and part of these outer engage- 

30 ment grooves overlap in the radial direction at least the part of the inner-ring raceway on the side of the housing portion. 
[0076] The rolling-bearing unit for wheels of this invention constructed as described above is combined with the 
constant velocity joint, where there are seven or more inner and outer engagementgrooves and seven or more balls, 
therefore, when the rolling-bearing unit operating, and torque is transmitted between the Inner-ring or member and 
outer-ring or member, the size of the load applied to the balls can be made smaller than for the prior art construction. 

35 [0077] Therefore, the outer diameter of the balls (engagement balls) can be reduced by that amount, and it is possible 
to reduce the diameter of the circumscribed circle made by these balls arranged in an annular shape as well as the 
diameter of the circumscribed circle of the outer engagement grooves. 

[0076] Also, the diameters of these circumscribed circles can be made smaller than the diameter of the inner-ring 

raceway on the side of the housing portion, and thus without making the diameter of the inner-ring raceway on the side 
40 of the housing larger, it is possible to overiap in the radial direction at least part of the Inner-ring raceway on the side 
of the housing portion with part of the outer engagement grooves. 

[0079] Moreover, it is possible to reduce the size in the axial direction of the rolling-bearing unit by the amount of 
this overiap, and make it more compact and lightweight. 

[0080] Also in a second feature of the present invention, the rolling-bearing unit for wheels comprises an outer ring 
45 or race that does not rotate when operated, and has a first installation flange on its outer peripheral surface for sup- 
porting it by the suspension and outer-ring raceways on its inner peripheral surf'ace. and an inner ring or race that 
rotates when operated, and has a second installation flange formed on its outer peripheral surface on one end portion 
thereof for supporting the vehicle wheel, and inner-ring raceways on the middle portion thereof, and a housing portion 
that serves as the outer member or ring of a constant velocity joint on the other end portion thereof, and multiple rolling 
50 members rotatably located between the ouler-ring raceways and inner-ring raceways. The housing portion has an 
inner peripheral surface formed with a plurality of, specifically eight outer engagement grooves having an arc-shaped 
cross section that are formed perpendicular to the circumferential direction. 

[0081] In the rolling-bearing unit of this embodiment constructed as described above, there are eight outer engage- 
ment grooves in the constant velocity joint, therefore, when the rolling-bearing unit operating, the size of the load 
55 applied to each of the balls in the constant velocity joint can be made smaller than for the prior art construction. There- 
fore, the outer diameter of the balls (engagement balls) can be reduced by that amount, and it is possible to reduce 
the diameter of the circumscribed circle made by these bads arranged in an annular shape as well as the diameter of 
the circumscribed circle of the outer engagement grooves. Moreover, it is possible to reduce the size of the outer 
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diameter of the rolling-bearing unit by the amount of the reduction in the circumscribed circle of the outer engagement 
grooves, and make it more compact and lightweight. 

[0082] The number of the outer engagement grooves is eight because the rotational force is stably transmitted 
through the constant velocity joint while the rolling bearing unit is made compact and lightweight and the durability of 

5 the constant velocity joint is secured. 

[0083] Specifically, in order that the rotational force is stably transmitted through the constant velocity joint of Rzeppa 
type having the outer engagement grooves, the outer and inner engagement grooves and balls in an even number are 
located on the diametrically opposite sides of the constant velocity joint. Six outer and inner engagement grooves and 
six balls are used in the conventional constant velocity joint, and the number of these is increased to eight or ten in 

10 order that the size of balls is reduced to intend to make the constant velocity joint compact and light weight. However, 
if this number is ten. the size of balls is too small to secure the load capacity of the balls. Consequently, the number 
of outer and inner engagement grooves and balls is eight. 

[0084] The load capacity of the constant velocity joint, which affects its flaking life, is proportional to the 2/3 power 
of the number of balls provided that the balls have the same diameter. The load capacity of the constant velocity joint 

15 with eight balls is 1 .21 ((8/6)2/3) times that of the constant velocity joint with six balls. Thus, since the load capacity can 
be increased by about 21 % with the number of balls increased. On the other hand, with the same load capacity, the 
diameter of balls cain be reduced by that amount. And, since the size of bails is reduced, the cross sectional area of 
the outer engagement grooves on the inner peripheral surface of the housing portion and the cross sectional area of 
the inner engagement grooves on the outer peripheral surface of the inner ring can be reduced by that amount. Con- 

20 sequently, the diameter of the constant velocity joint is reduced so that the rolling bearing unit for wheels, that is the 
fourth generation hub unit, can be made compact and light weight. 

[0085] The constant velocity joint in another feature of this invention like the prior constant velocity joint described 
above, comprises an inner member or ring having inner engagement grooves arc-shaped in cross section that are 
equally spaced in the circumferential direction at eight locations on the outer peripheral surface of this inner ring and 

25 fonned such that they are orthogonal to the circumferential direction, an outer member or ring provided around the 
inner ring and has outer grooves arc-shaped in cross section formed around the inner peripheral surface of the outer 
ring and located such that they face the inner engagement grooves, and such that they are orthogonal to the circum- 
ferential direction, a retainer or cage that fits between the outer peripheral surface of the inner ring and the inner 
peripheral surface of the outer ring and that is formed with eight pockets around in the circumferential direction that 

30 line up with the inner and outer engagement grooves, and eight balls, with one ball held in each of the pockets such 
that they can rotate freely along the inner and outer grooves. These bails are located in a equally divided surface which 
crosses a plane that includes both of these center axes, equally dividing the axis crossing angle made by the center 
axis of the inner ring and the center axis of the outer ring. 

[0086] In the constant velocity joint of this embodiment, the eight pockets are comprised of two kinds of pockets 
35 . whose lengths in the circumferential direction differ, and which are alternated in the circumferential direction. Moreover, 
in the case where the center axis of the inner ring and the center axis of the outer ring are greatly displaced when 
placing a ball inside each of the pockets, the maximum angle that the balls which have already been placed inside the 
pockets move in the circumferential direction is taken to be Yq (radian), and in the case where the center axis of the 
inner ring and the center axis of the outer ring of the constant velocity joint after completed are displaced to the maximum 
40 position during use, the maximum angle that the bails inside the pockets move in the circumferential direction is taken 
to be 7-, (radian), and if the outer diameter of the retainer is taken to be Dc, and the difference in arc lengths in the 
circumferential direction of the two kinds of pockets on the outside of the retainer is taken to be AL, then the size of 
the retainer and the pockets is regulated to satisfy the equation: 

(yo-yi) Dc/2^ AL^{Yo.y^) Dc 

[0087] With the constant velocity joint of this invention, constructed as described above, balls can be placed in each 
of the pockets, and the dimensions of the column sections between adjacent pairs of pockets in the circumferential 
50 direction are maintained, thus making it possible to sufficiently improve the durability of the retainer As a results, it is 
possible to make the constant velocity joint more compact and contributes to making a fourth-generation hub unit, 
which integrates the outer ring of the constant velocity joint with the inner ring of the roller-bearing unit for supporting 
the road wheel. 

[0088] It will be noted that the inner member or ring has a serration hole in its central portion as previously mentioned. 
55 [0089] In the present embodiment of constant velocity joint, provided that Dp represents the pitch circle diameter of 
eight balls. Dq represents the diameter of balls, and Ds represents the pitch circle diameter of the female serration on 
the inner peripheral surface of the sen-ation hole, all the relations of 3.5 ^ Dp / Dg 5 3.9. 2.0 ^ Dp / Dg g 2.2, 0.51 g 
Db / Ds ^ 0.63 are satisfied. 
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[0090] With the constant velocity joint of the present invention as constructed above, when the number of balls, six 
in the conventional structure, is increased to eight with the ball diameter reduced, the strength and durability of cage, 
inner ring and outer ring can be kept the same to those of the conventional structure with six ball installed. 
[0091] Thus, a compacl constant velocity joint with strength and durability kept in elements is achieved, so that the 
so-called fourth generation hub unit where the constant velocity joint is integrally combined with the inner ring of the 
hub unit is made practical. 

[0092] The following are reasons of controlling the relations between the ball pitch circle diameter Dp, ball diameter 
Dp and the female serration pitch circle diameter Dg as mentioned above. 



10 



(1) 



the reason of 3.5 ^ Dp / m 3.9. 



15 



20 



25 



[0093] When the ball diameter Og is determined with reference to the ball pitch circle diameter Dp, the contact surface 
pressure between the rolling surface of the balls and the. inside surfaces of the inner and outer engagement grooves 
can be set lower by enlarging the ball diameter Dg. Here, it should be noted that the cage musl be formed with pockets 
for receiving such balls. Particularly, when installing the balls between the inner engagement groove and the outer 
engagement groove inside the pockets, and when operating the constant veiocily joint, the pockets must be made 
sufficiently longer in the circumferential direction as the bail moves circumferentially in each pocket. Accordingly, as 
the ball diameter Dg is larger, the column portions of the cage is shorter to reduce the strength of the cage. On the 
contrary, as the ball diameter Dg is smaller, the column portions of the cage is longer to Increase the strength of the 
cage, but the contact surface pressure between the rolling surfaces of the balls and the inside surfaces of the inner 
and outer engagement grooves is higher to reduce the durability of the inner and outer rings having the inner and outer 
engagement grooves, respectively. 

[0094] In Table 1, the relations between the ratio (Dp / Dg) of the ball pitch circle diameter Dp lo the ball diameter 
Dg, the strength of the cage, and the contact surface pressure between the rolling surfaces of the balls and the inside 
surface of the inner and outer engagement grooves. 



30 



35 



40 



[Table 1, 




Dp/Dg 


3.3 


3.4 


3.5 


3.7 


3.9 


4.0 


4.1 


Cage Strength 


X 


X 


O 


O 


0 


O 


0 


Contact Surface Pressure 


0 


O 


o 


o 


O 


X 


X 



[0095] In Table 1 , the mark O indicates "acceptable" and the mark x indicates "non-acceptable". The strength of the 
cage is based on the results of experiments, and the contact surface pressure between the ball rolling surface and the 
inside surface of the inner and outer engagement grooves is determined through calculation. When the contact surface 
pressure exceeds 42,000 MP3 (428 kgf / mm^), the mark x (non-acceptable) was given because the constant velocity 
joint with such contact surface pressure could not be smoothly operated. 

[0096] Specifically, when the steel quench-hardened in the degree of HRc 60 to 64 for general use in the constant 
velocity joint is subjected to the contact surface pressure of 42.000 MP3, the sum of permanent defonmaiion amounts 
in the balls and the inside surfaces is about 0.0001 times the ball diameter Dg. If the sum of permanent deformation 
amounts exceeds this value, the balls are prevented from smoothly moving. From Table 1, the relation of 3.5 ^ Dp / 
Dg % 3.9 is obtained between the bail pitch circle diameter Dp and the ball diameter Dg. 



45 



(2) 



The reason of 2.0 ^ Dp / Dg g 2,2. 



[0097] Although a compact constant velocity joint is achieved by decreasing the ball diameter Dg while increasing 
the number of balls, the ball diameter Dg could not be infinitely made smaller. In addition, the range where the ball 
pitch circle diameter Dp is set is limited by the ball diameter Dg and the required length of the column portions in the cage. 
[0098] In Table 2, the relations are shown between the ratio (Dp / Dg) of the" ball pitch circle diameter Dp. to the 
serration pitch circle diameter and the contact surface pressure between the ball rolling surface and the inside 
surfaces of the inner and outer engagement grooves. 



[Table 2] 



Dp/Ds 


1.9 


2.0 


2.1 


2.2 


2.3 


Contact Surface Pressure 


X 


0 


0 


0 


not compact 
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25 



30 



35 



40 



45 



50 



55 



[0099] In Table 2. the mark O indicates "acceplable" and Ihe mark x indicates "non-acceplable". Incidentally, in the 
general constant velocity joint with six balls installed therein, conventionally used, the ratio Dp/ Dg is in the degree of 
2.2 to 2.4. When the ratio Dp/Dg exceeds 2.2. it is impossible to make it compact by increasing the number of balls 
from six to eight. 

[0100] Therefore, from the results of Table 2. the relation between the ball pitch circle diameter Dp and the female 
serration pitch circle diameter Dg is controlled to 2.0 ^ Dp / Dg ^ 2.2. 

(3) The reason of 0.51 Dg / Dg -S 0.63 

[0101] The following relations are provided between the ball pitch circle diameter Dp ball diameter Ob. female ser- 
ration pitch circle diameter Dg ; . 

3.5 ?5 Dp/Dg 3.9 

2.0 ^ Dp /Dg ^ 2.2 (2) 



20 [0102] From Formula (1). 



Dp / 3.9 ^ Dg ^ Dp / 3.5 ' (3) 



[0103] From Formula (2). 



[0104] From Formulas (3) and (4). 



Dp/2.2 ^ Dg ^ Dp/2.0 (4) 

2.0/3.9 ^ Dq /Dg ^ 2-2/3.5 
0.51 g Dg/Ds S 0.63. 

[0105] In the present invention, the ratio of the pitch circle diameter of the torque transmitting balls (engagement 
balls) to the diameter of the torque transmitting balls {engagement balls) can be within the range from 3.3 to 5.0. In 
addition to the ratio mentioned above, the ratio of the outer diameter of the outer joint member (outer member or ring) 
to the pitch circle diameter of the tooth profile (female serration) formed in the Inner surface of the inner joint member 
(inner member or ring) can be within the range from 2.5 to 3.5. 

[0106] The present invention can be applied to a constant velocity joint, wherein the plurality of pockets of the cage 
comprise short and long pockets which differ in their circumferential length, tile pockets being spaced from each other 
at a distance of 1 80 degrees, the circumferential length of the short pockets being such that when this constant velocity 
joint transmits torque at the greatest angle, the torque transmitting balls (engagement balls) do not interfere with the 
circumferential wall surface of the short pockets, the circumferential length of the long pockets being such that during 
the incorporation of the torque transmitting balls (engagement balls) which is effected by relatively tilling the outer and 
inner joint members (outer and inner members or rings) to cause the short pocket to face outward through the opening 
in one axial end of the outer joint member (outer member or ring), previously incorporated torque transmitting balls 
(engagement balls) do not interfere with the circumferential wall surfaces of the long pockets. 
[0107] Now, further explanation is made with reference to the drawings for the present invention. 
[0108] Fig. 11 shows a first embodiment of this invention. This embodiment is characteri2ed by the construction of 
the constant velocity joint 1 which is integrally built into the rolling-bearing unit and which makes it possible to make 
the rolling-bearing unit more compact and lightweight. The construction and function of the other parts are nearly the 
same as those of the prior art construction shown in Fig. 1. and therefore the same symbols will used for identical 
parts, and any redundant explanation will be omitted. The explanation here will only concentrate on the characteristic 
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part of this invention and the parts that differ from the prior art construction. 

[0109] The second inner race or ring 15, which makes up the hub or inner-ring or race assembly 16 together with 
the first inner race or ring 14, has a small-diameler male threaded section 61 on its one end in the axia) direction (left 
end in Fig. 11), and a male serrated section 62 in the middle portion thereof. The first inner race or ring 14 fits over 
5 this male serrated section 62, and the inner peripheral surface of this first inner ring 14 is joined by the serrations with 
the outer peripheral surface in the middle portion of the second inner ring 15. , 

[0110] The outer diameter of the male threaded section 61 is smaller than the outer diameter of the male serrated 
section 62. 

[0111] Also, by screwing a nut 63 on the male threaded section 61 and tightening it even further, the first ring 14 and 
10 second inner ring 15 are joined together, and adequate preload is applied to the rolling members 21 , which are freely 
rotatably located between the outer-ring raceways 13 formed in the inner peripheral surface of the outer ring 11. and 
the first and second inner raceways 18. 20 formed around the outer peripheral surface of the first and second inner 
rings 14, 15. 

[0112] The face at the other end in the axial direction (right end face in Fig. 11} of the first inner-ring 14 and the 
15 stepped section 64 located around the outer peripheral surface in the middle portion of the second inner-ring 15, do 
not completely come in contact with each other even when the preload is applied by the nut 63. Specifically, there is 
a small gap between the other end face of the first inner ring 14 and the stepped section 64 or at the most there is only 
very light contact between them. 

[0113] Moreover, around the outer peripheral surface of the housing portion 52 of the constant velocity joint t provided 
20 on the other end portion (right end portion in Fig. 11) of the second inner-ring 15, an attachment groove 65 Is formed 
to attache one end of a cylindrical boot (not shown in the figure) to cover the opening on the end of the housing portion 52. 
[0114] The constant velocity joint 1 comprises at least seven inner engagement grooves 7 that are formed on the 
outer peripheral surface of the inner member or ring 2, at least seven outer engagement grooves 6 that are formed on 
the inner peripheral surface of the housing portion 52. and at least seven bails 4 that are located between these inner 
25 and outer engagement grooves 7, 8, (for example 9 to 12 of each), so that the load applied to the balls 4 when the 
rolling-bearing unit for wheels is operating becomes less than in the case of the prior art construction. 
[0115] Moreover, it is possible to reduce the outer diameter of the balis 4 by an amount that corresponds to the 
amount that the load applied to the balls 4 is decreased, and the diameter of the circumscribed circle of the balls 4 
arranged in an annular shape as well as the diameter of the circumscribed circle of the outer engagement grooves are 
30 less than the diameter of the second inner-ring raceway 20. This second inner-ring raceway 20 overlaps in the radial 
direction part of (the left part in Fig. 11) the outer engagement grooves 8. 

[0116] For the rolling-bearing unit for wheels of this embodiment, constructed as described above, the function of 
rotatably supporting the vehicle wheel by the suspension is the same as in the prior art rolling-bearing unit described 
above. Particularly, in this embodiment, by making the diameter of the circumscribed circle of the outer engagement 
35 grooves 8 smaller than the diameter of the inner-ring raceway 20, this second inner-ring raceway 20 overlaps in the 
radial direction part of the outer engagement grooves 8. Therefore, it is possible to reduce the dimensions in the axial 
direction of the rolling-bearing unit by the amount of this overlap, and thus make the entire unit more compact and 
lightweight. 

[01 1 7] Next, Fig. 1 2 shows a second embodiment of the invention. The rolling-bearing unit for wheels of this embod- 
^0 iment has a first inner ring 14 around whose inner peripheral surface there is a larger-diameter section 65 at one end 
(left end in Fig. 12) and a smaller-diameter section 67 at the other end (right end in Fig. 12). where the larger-diameter 
section 66 and smaller-diameter section 67 are connected by a connecting section 68. This connecting section 68 is 
tapered such that its inner diameter gradually becomes larger as it goes from the smaller-diameter section 67 toward 
the larger-diameter section 66. There are serration grooves fonned in this connecting section 68. and it has been 
45 quench hardened by induction hardening or the like. 

[0118] Furthermore, there is a stepped section 69 located between the larger-diameter end of the connecting section 
68 and the larger-diameter section 66. 

[0119] On the other hand, the second inner ring 15, which together with the first inner ring 14 makes up the hub 16, 
has at one end thereof a cylindrical section 1 9 that can be inserted firmly into the smaller-diameter section 67 without 

50 play. 

[0120] In the constant velocity joint 1 . the housing portion 52 and a portion of the base half portion (right half in Fig. 
12) of the cylindrical section 19, which fits inside the smaller-diameter section 67, are quench hardened by induction 
hardening or the like, while the tip half portion of the cylindrical section 19 (left half in Fig. 12) has not been hardened 
and is left as formed. 

55 [0121] The outer peripheral surface of this cylindrical section 19, before connecting the first inner ring 14- with the 
second inner ring 15, is a single or straight cylindrical surface. 

[0122] The hub 16 in this example may correspond to an inner ring assembly 130 described later. 

[0123] To make the hub 16 by securely connecting the first inner ring 14 with the second inner ring 15, first, the 
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smaller-diameter section 67 of the first inner ring 14 is firmly fitted over the cylindrical section 19 of the second inner 
ring 15 without play and the tip end face of this smaller-diameter section 67 (right end face in Fig. 1 2) comes in contact 
with the stepped section 64 that is formed around the outer peripheral surface of the base end portion of the cylindricaf 
section 19. Also, with the first inner ring 14 in contact with this stepped section 64, the tip half portion of the cylindrical 

5 section 1 9 is strongly crimped to be spread open in the radially outer direction, and the tip end portion of the cylindrical 
section 1 9 is further crimped to be spread open toward the stepped section 69 to retain this stepped section 69. Since 
the tip half portion of the cylindrical section 19 is untreated, the serration grooves formed on the connecting section 
68 bite into the outer peripheral surface of the tip half portion of the cylindrical section 19 during the crimping process. 
In this state, the first and second inner rings 14, 15 inlerlockingly fit together in a land and recess engagement in the 

to circumferential direction between the outer peripheral surface of the tip half portion of the cylindrical section 19 and 
the connecting section 68. Therefore, large torque can be transmitted between the first inner ring 14 and the second 
inner ring 15. 

[0124] The stepped section 64 etc. are controlled in position such that an adequate preload is applied to the rolling 
members 2,1. when the first inner ring 14 is abutted to the stepped section 64. Also, between the tip end edge of the 

15 cylindrical section 19 and a portion of the inner peripheral surface of the first inner ring 14 on the inner diameter side 
of the second installation flange 17, there is a weld 26 which prevents the portion in the lip half portion of the cylindrical 
section 19 in engagement with the serration grooves from becoming smaller in the inner diameter 
[0125] The weld 26 does not need to be used for transmitting torque between the first and second inner rings 14, 
15. Therefore, in order that the inner-ring raceway 18 formed on the outer peripheral surface closer to the other end 

20 (closer to the right end in Fig. 12) of the first inner ring 14 is not affected by heat, a small raised weld or spot weids 
that are arranged intermittent around the circumference will suffice. 

[0126] In the rolling-beanng unit for wheels of this invention, constructed as described above, the engagement be- 
tween the outer peripheral surface of the tip half portion of the cylindrical section 19 and the serration grooves makes 
it possible to connect the first inner ring 14 with the second inner rings 15, securely preventing them from rotating with 
25 respect to each other. 

[0127] Also, the weld 26 between the lip end edge of the cylindrical section 19 and the inner peripheral surface of 
the first inner race or ring 14 prevents the tip half portion of the cylindrical section 19 in engagement with the serration 
grooves from becoming smaller in inner diameter. Therefore, even if the unit is used for a long period of time, the first 
and second inner race or rings 14,15 are securely connected with each other and prevented from rotating with respect 
30 to each other, and it is securely possible to rotate and drive the front wheel by way of the constant velocity joint 1 . 
[0128] Regardless of the few number of parts, the first and second inner rings 14, 15 are securely connected to each 
other so that large torque can be transmitted, and other than changing the construction of this connection between the 
first and second inner rings 14, 15, the other construction and function is substantially the same as those of the first 
embodiment described above. 

35 [0129] Next, Fig. 13 shows a third embodiment of the invention. In this embodiment, the housing portion 52, which 
serves as the outer member or ring of the universal joint 1 , is formed in one piece with the other end portion (right end 
portion in Fig. 13) of the first inner race or ring 14. Also, the first inner race or ring 14 has a smaller-diameter stepped 
section 70 in the middle portion in the axial direction at a location separated from the inner-ring raceway 1 8. and likewise 
has a male threaded section 71 closer to the other end that has a smaller diameter than the smaller-diameter stepped 

40 section 70. 

[0130] The second inner race or ring 72, which makes up an inner ring assembly 130 together with the hub 16 and 
the first inner race or ring 14. fits over the smaller-diameter stepped section 70. 

[0131] The second inner-ring raceway 20 is formed around the outer peripheral surface of this second inner ring 72, 
Moreover, the dimension of this second inner ring 72 in the axial direction is larger than the dinr^ension in the axial 
45 direction of the smaller-diameter stepped section 70. Therefore, with the second inner ring 72 fitted over the smaller- 
diameter stepped section 70, the other end portion (right end portion in Fig. 13) of this second inner ring 72 sticks out 
from the end edge (right end edge in Fig. 13) of the smaller-diameter stepped section 70 closer to the male threaded 
section 71. 

[0132] Also, with the second Inner ring 72 fitted over the smaller-diameter stepped section 70. as described above. 

50 a nut 73 is screwed on to the male threaded end portion 71 and by further tightening, the first inner ring 14 and second 
inner ring 72 are joined together and an adequate preload is applied to the rolling members 21 that are freely rotatably 
located between the outer-ring raceways 13 formed around the inner peripheral surface of the outer ring or outer-ring 
assembly 11 and the first and second inner-ring raceways 18. 20 formed around the outer peripheral surface of the 
first inner ring 14 and second inner ring 72. 

55 [0133] One end face (left end face in Fig. 13) of the second inner ring 72 and the stepped surface formed on one 
end portion (left end portion in Fig. 13) of the smaller-diameter stepped- section 70 do not come in complete contact 
even when the preload is applied by the nut 73. Specifically, there is a small gap. or extremely light-pressure contact 
between the one end face and the stepped section. 
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[0134] In the case of the rolling-bearing unit for wheels of this embodiment, constructed as described above, the 
housing portion 52 of the constant velocity joint 1, and the second installation flange 17 which su^pports the vehicle or 
road wheel are formed in one piece with the first inner ring 14. Therefore, the vehicle wheel that is attached to the 
second installation flange 17 can be directly rotated by the rotational driving force that is transcnitted to the housing 

5 portion 52 from the drive shaft (not shown in the figure). Even if operated for long periods of time, it is possible to 
maintain durability of the hub 16. and to transmit large torques. Moreover, the preload is applied to the rolling members 
21 by the nut 73 at a portion independent from the section which transmits the rotational driving force. Therefore, an 
adequate preload is applied regardless of the size of the rotational driving force to be transnrriitted. Other than the 
changes made to the construction of the hub 16, all other construction and functions are substantially the same as 

10 those of the first embodiment described above. 

[0135] Figs. 14 to 16 show another embodiment of the present invention. This rolling bearing Linit has an outer race 
or ring assembly 11 that does not rotate when supported by the suspension and has an outer peripheral surface formed 
with a first installation flange 12 for supporting it with the suspension device and an inner peripheral surface formed 
with a double row of outer ring raceways 13a. 1 3b. Disposed on the inner diameter side of the outer ring 11 is an inner 

15 ring assembly 130 which Is comprised of a hub 16 and an Inner race or ring 72 and arranged concentric with the outer 
ring 11. 

[0136] Disposed on the outer peripheral surface of the inner ring assembly 130 are first and second inner ring race- 
ways 1 8, 20 mating to the outer ring raceways 1 3a, 1 3b. The first inner ring raceway 18 is directly formed on the outer 
peripheral surface of the middle portion of the hub 16. The inner ring 72 is fitted onto the middle portion of the hub 16 
20 at a position closer to the axially inner end (right end in Fig. 14) than the first inner ring raceway 18. The second inner 
ring raceway 20 is formed on the outer peripheral surface of the inner ring 72. A plurality of rolling members 21 are 
rotatably provided between the outer ring raceways 13a, 13b and the first and second inner ring raceways 18, 20, so 
that the inner ring assembly 130 is rotatably supported inside the outer ring 11 . 

[0137]' In the embodiment as illustrated, the first inner ring raceway 18 is directly formed on the outer peripheral 
25 surface of the hub 16, so that the diameter of the first inner ring raceway 18 is smaller than the dsameter of the second 
inner ring raceway 20 on the outer peripheral surface of the inner ring 72. Consequently, the diameter of the outer ring 
raceway 13a opposed to the first inner ring raceway 18 is smaller than the outer ring raceway 13b. The outer ring 
raceway 13a is located on the axially outer side (left side in Fig. 14, widthwise outer side when fnstalled in the auto- 
mobile), while the outer ring raceway 13b is located on the axially inner side (right side in Fig. 14, widthwise central 
30 side when installed in the automobile). 

[0138] The outer diameter of the axially outer half portion of the outer ring 11 with the outer ring raceway 13a is 
smaller than the outer diameter of the axially inner half portion of the outer ring 11 with the outer ring raceway 13b. In 
the embodiment as illustrated, the first inner ring raceway 18 and the outer ling raceway 13a on the outer side are 
smaller in diameter, so that the number of the rolling members 21 between the first inner ring raceway 18 and the outer 
35 ring raceway 1 3a is smaller than the number of the roiling members 21 between the second inner ring raceway 20 and 
the outer ring raceway 13b. 

[0139] Integrally provided on the outer peripheral surface of the hub 16 at the axially outer end thereof is a second 
installation flange 17 for supporting a vehicle wheel to the hub 16, to which the base end portion of the studs 34 for 
mounting the vehicle wheel is fixed. 
40 [0140] In the embodiment as illustrated, the pitch circle of the studs 34 has a diameter which is smaller by an amount 
that the outer diameter of the axially outer half portion of the outer ring 11 is smaller than the outer diameter of the 
axially inner half portion of the outer ring 11 in a degree that the head 35 of the studs 34 does not interi'ere with the 
outer peripheral surface of the outer ring 11 at the outer end thereof. 

[0141] With the outer peripheral surface of the hub 16, the portion located axially inward than the first inner ring 
45 raceway 1 8 has a diameter smaller than the diameter of the inscribed circle of the rolling members 21 con-esponding 
to the first inner ring raceway 1 8. This is because upon assembling the rolling bearing unit with wheels, rolling members 
21 are Installed on the inner diameter side of the outer ring raceway 13a on the inner peripheral surface at the axially 
outer end of the outer ring 11 while the hub 16 is inserted on the Inner diameter side ofthe outer ring 11 with the seal 
ring 28a fitted into the inner peripheral surface at the axially outer end of the outer ring 11. 
50 [0142] On the outer peripheral surface of the middle portion of the hub 16, a recessed groove portion 37 is circum- 
ferentially formed to reduce the weight of the hub 16. 

[0143] In order that the inner ring 72 fitted onto the hub 16 is prevented from being displaced axially inwards, and 
that the preload applied to the rolling members 21 between the outer ring raceways 13a, 13b and the first and second 
inner ring raceways 1 8, 20 is kept at a proper value, a stop ring 39 is attached in the recessed groove 38 circumferentially 
55 formed at a portion closer to the axially inner end on the outer peripheral surface of the hub 16. The stop ring 39 
comprises a pair of semicircular arcuate pieces. The stop ring 39 has an inner peripheral edge portion engaged with 
the recessed groove 38 forcing the inner ring 72 axially outward with respect to the hub 16 to apply a proper preload 
to the rolling members 21. 
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[0144] The thickness of the slop ring 39 is selected such thai even when the force pressing the inner ring 72 axially 
outward is released, the proper preload is kept to be applied to the rolling nr>embers 21. 

[0145] Specifically, a plurality of kinds of stop rings having different sizes in thickness, the difference being small, 
are prepared for the stop ring 39, and a proper one is selected having a suitable thickness with reference to the com- 

5 ponenls of the rolling bearing unit for engagement with the recessed groove 38. 

[0146] It is desired that the recessed groove 38 is located at a position axially separated by dh from the maximum 
diameter portion of the outer engagement groove 8 so as to have a sufficient thickness to bear any stress concentration 
which may be produced on the bottom of the recessed groove 38, and that the minimum distance T between the 
recessed groove 38 and the outer engagement groove 8 is in the range of from 2.5 mm to 4.0 mm taking into consld- 

1G eration the strength and compassion. Specifically, if the distance T is less than 2.5 mm. the strength Is insufficient and 
any breakage may occur. If the distance T is larger than 4.0 mrn. although the strength is sufficient, the too large 
diameler and heavy weight will not meet the needs for compaction. 

[0147] Provided around the stop ring 39 is part of a sleeve 40 which prevents the slop ring 39 from being erroneously 
dropped off from the recessed groove 38 by way of the radially outward displacement of the pair of pieces of the stop 
15 ring 39. The sleeve 40 is fitted onto the boot 42 for supporting the axially outer end portion of the boot 42 to prevent 
foreign matter such as rain water or dust from entering the constant velocity joint 1 including the housing portion 52 at 
the axially inner end of the hub 1 6. 

[0148] The boot 42 is made of an elastic material like mbber. synthetic resin and integrally formed to have a bellows 
shaped middle portion and cylindrical opposite end portions. 
20 [0149] The sleeve 40 is made of a metal and fitted onto the axially inner end portion of the hub 16 by interference 
fitting, and the axially outer end portion of the boot 42 is fitted onto the sleeve 40 and retained by a retaining band 138 
fitted onto the outer peripheral surface of the sleeve 40. 

[0150] The inner peripheral surface at the axially outer end of the boot 42 is generally circumferentially engaged with 
the groove 1 39 on the outer peripheral surface of the sleeve 40. 

25 [0151] The portion at the axially outer end edge of the sleeve 40 projecting from the boot 42 axially outward is formed 
in a crank shape in cross section, to form generally circumferentially the retaining portion 140. In order to form the 
retaining portion 140. the sleeve 40 comprises a smaller diameter cylindrical portion 141 securely fitted onto the axially 
inner end portion of the hub 16, a circular ring portion 142 extending radially outward from the axially outer end edge 
of the smaller diameter cylindrical portion 141, and a larger diameter cylindrical portion 143 extending axially outward 

30 from the outer peripheral edge of the circular ring portion 142, 

[0152] The axially outer surface of the circular ring portion 142 is placed in contact with or approximately opposed 
dose to the axially inner surface of the stop ring 39. while the inner peripheral surface of the larger diameter cylindrical 
portion 143 is placed in contact with or approximately opposed dose to the outer peripheral surface of the stop ring 39. 
[0153] A seal ring 28a is provided between the inner peripheral surt'ace at the axially outer end of the outer ring 11 

35 and the outer peripheral surface at the middle portion of the hub 1 6 while a seal ring 28b is provided between the inner 
peripheral surface at the axially inner end portion of the outer ring 11 and the outer peripheral surface at the axially 
inner end portion of the inner ring 72 so as to cover the opening at the opposite ends of the space where the roiling 
members 21 are located. 

[01 54) Fitted into the axially outer end portion of the boot 42 and the inner ring 72 is a portion of the axially inner end 
40 of the hub 1 6 which is a housing portion 52 to be an outer member or ring (see 3 in Fig. 6) of the constant velodty joint 
1. Formed on the inner peripheral surface of the housing portion 52 are eight outer engagement grooves 8 which have 
an arcuate cross section and extend transverse to the circumferential direction (left and right directions in Fig. 14, front 

and rear directions of Fig, 15). 

[0155] Provided inside the housing portion 52 is an inner member or ring 2 which cooperates with the housing portion 
45 52 to form the constant velocity joint 1 of the Rzeppa type. Eight inner engagement grooves 7 extend transverse to 
the circumferential direction on the outer peripheral surface of the inner ring 2. 

[01 56] Disposed between each of the inner engagement grooves 7 and each of the outer engagement grooves 8 is 
a single ball 4. and therefore totally eight balls 4. which is rotatably held in the pocket 10 of the cage 9. 
[0157] Axially formed in the central portion of each of the inner rings 2 is an axially extending spline hole 147 with 
50 which an end portion of the drive shaft (not shown) is engaged when installed in an automobile, thus the hub 16 is 
driven to rotate by way of the inner ring 2 and the eight balls 4. 

[0158] In the operation of the rolling bearing unit of the present embodiment, since eight inner and outer engagement 
grooves 7. 8 and eight balls 4 are used in the constant velocity joint 1, upon torque transmission between the inner 
ring assembly 130 and the outer ring 11 during use of the rolling bearing unit, the load applied to each of the balls 4 
55 of the constant velocity joint 1 can be made smaller than in the case of the conventional structure as previously men- 
tioned. 

[0159] Accordingly, by that amount, the balls 4 in an annular an-angement can be made smaller, respectively, and 
the diameter of the circumscribed circle of the balls 4 and the diameter of the circumscribed circle of the outer engage- 
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ment grooves 8 can be made smaller. 

[0160] By the amount that the diameter of the circumscribed circle of the outer engagement grooves 8 is made 
smaller, the outer diameter of the rolling bearing unit can be made smaller to provide a generally compact and light 
weight apparatus. 

5 [0161] Particularly, as in the embodiment iltustraled, if the axially outer half portion of the outer engagement grooves 
8 is located on the inner diameter side of the second inner ring raceway 20, not only the outer diameter but also the 
axial size of the rolling bearing unit are made smaller to make effectively the whole apparatus compact and lightweight. 
[0162] In this construction, the second inner ring raceway 20 of the main body of the rolling bearing unit must be 
larger in diameter than the outer engagement grooves 8, leading to a larger diameter of the roHing bearing unit. Ac- 

10 cordingly, the number of balls 4 is increased from six to eight, and thus, the outer diameters of the balls 4 and of the 
rolling bearing unit are effectively reduced, 

[0163] The ratio of the pitch circle diameter of the balls 4 to the diameter of the balls is in the range from 3.3 to 5. If 
this ratio is less than 3.3. the width of the column sections between the adjacent pockets in the cage is too smalt, and 
the strength of the column sections of the cage is insufficient. On the contrary, if this ratio is larger than 5, the width 

15 size of the column sections between the adjacent pockets is excessively large. In other words, the ball diameter is too 
small, and the load capacity of the constant velocity joint is small, which is not desirable from the point of durability 
[0164] In addition, by making smaller the diameter of the pitch circle of the rolling members 21 in the axially outer 
row, the diameter of the axially outer half portion of the outer ring 11 can be reduced. And by that amount, the diameter 
of the pitch circle of the studs 34 fixed to the second installation flange 17 on the outer peripheral surface of the hub 

20 16 can be reduced. 

[0165] Accordingly, without enlarging the axial size of the hub 16, the outer diameter of the second installation flange 
17 for supporting the studs 34 for fixing is reduced, so that the rolling bearing unit can be effectively made compact 
and lightweight. 

[01 6B] As the diameter of the pitch circle of the rolling members 21 in the axially outer row is smaller than the diameter 
25 of the pilch circle of the rolling members 21 in the axially inner row,.the basic dynamic rate load of the axially outer row 
portion is smaller than the basic dynamic rale load of the axially inner row portion. Accordingly, if the same load is 
applied to the both rows, the life of the axially outer row portion is inclined to be shorter than the life of the axially inner 
row portion. 

[0167] On the other hand, in the usual automobiles, the load applied to the axially outer row portion is smaller than 
30 the load applied to the axially inner row portion. Therefore, It is easy to make a design to substantially equalize the 
lives of the both rows, so that the wasteless design can be achieved. 

[0168] Although the balls are used for the rolling members 21 in the illustrated embodiments, tapered rollers can be 

used for the rolling members in the heavy automobiles, which is covered fay the present invention. 

[0169] in operation of the present embodiments, if the relation between the radius of curvature R7, Rg of the cross 

35 section of the inner and outer engagement grooves 7. 8 of the constant velocity joint 1 and the outer diameter d4 of 
the balls 4 is the same as that of the conventional structures, the flaking life of the rolling surface of the balls 4 may 
not be secured. Therefore, in working the present embodiments, it is desirable that the radius of curvature R7, Rg of 
the cross section of the inner and outer engagement grooves 7, 8 of the constant velocity joint 1 is made a little larger 
than those of the conventional structures with reference to the outer diameter of the balls 4. 

40 [0170] The reason of this is explained with reference to Figs. 15 and 15. 

[0171] The inner and outer engagement grooves 7, 8 and the balls 4, exaggerated in size in Fig. 1 5, are displaced 
toward to make the roiling surface of the balls 4 in contact with one side surface of the grooves 7, 8 during the trans- 
mission of rotational force between the inner ring 2 and the housing portion 52 of the constant velocity joint 1. This 
makes the balls 4 to move toward the opening portion of the inner and outer engagement grooves 7, 8 in a rldlng-up 
manner. 

[0172] Simultaneously, the rolling surface of the bails 4 comes into contact with the inner surfaces of the inner and 
outer engagement grooves 7. 8 at the contact ellipse portion the longer diameter of which extends to the circumferential 
direction of the constant velocity joint 1 . For example, the rolling surface of the balls 4 comes into contact with the inner 
surfaces of the inner and outer engagement grooves 7, 8 at the portion of the contact ellipse 148 as illustrated in Fig. 1 6. 
50 [0173] The inner and outer engagement grooves 7. 8 are formed with a chamfered portion 149a. 149b along the 
whole length of the grooves 7, 8, respectively. 

[0174] Con-esponding to the displacement as mentioned above, the contact ellipse 148 with respect to the balls 4 
moves toward the opening portion of the grooves 7. 8. and when the contact ellipse 148 reaches the portion of the 
chamfered portions 149a, 149b, an edge load is produced at this portion. This edge load would reduce the flaking life 
55 . of the rolling surface of the balls 4 to reduce the durability of the constant velocity joint 1 . This is undesirable. 

[0175) In order to prevent the reduction of durability caused as mentioned above, the contact ellipse 148 must be 
prevented from reaching the chamfered portions 149a. 149b. 

[0176] In the case of the conventional constant velocity joint, the radius of curvature of the cross section of the inner. 
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and outer engagement grooves is about 0.504 lo 0.51 times the outer diameter of the balls (50.4 % to 51 % of the outer 
diamelerof the balls). In other words, only slightly larger than the radius of curvature of the rolling surface, and therefore 
the longer diameter of the contact ellipse is larger so that the end portion of the contact ellipse easily reaches the 
chamfered portions 149a, 149b. 

[0177] In working the present embodiments, it is desirable that the radius Ry, Rq of curvature of the cross section of 
the inner and outer engagement grooves 7, 8 is about 0.51 to 0.52 times the outer diameter d^ of the bails 4 (51 % to 
52% of the outer diameter d4 of the balls 4). In other words, the degree that the radius of curvature of the cross section 
of the grooves is larger than the radius of curvature of the rolling surface is slightly increased. Consequently, the longer 
dianneter of the contact ellipse 148 is smaller, it is hard for the end portion of the contact ellipse to reach the chamfered 
portions 149a. 149b. As a result, the edge load is hardly applied to the rolling surface of the balls 4, to increase the 
flaking life of the.rolling surface and the durability of the constant velocity joint 1. Or. if the same durability is required, 
the rolling bearing unit including the constant velocity joint can be further made compact and light weight. 
[0178] Incidentally, the longer dia meter of the contact ellipse can be made shorter by enlarging the radius of curvature 
of the cross section at-the portion closer to the ppening of the both grooves 7, 8. The. radius of curvature of the cross 
section at the middle portion of the both grooves 7, 8 can be the same as thalof the conventional structures. Accordingly. 

'^the^cross septior) pfthe both grooves 7, 8 can be formed in a semi-ellipse shape, or Gothic arch shape. 

•r^Ojl-79]:"-^These-embodiments of the present invention, constructed and-functioning as described above, make it pos- 
sitJie to make. the rb III rig- bearing unit for wheels more compact and lightweight, and make it possible to improve the 
performance of' the vehicle in which this rolling-bearing unit is installed. 

[0180] Figs. 17 thru 21 show another embodiment of the constant velocity joint of the fourth-generation hub unit of 
this invention. The outer ring 11 is supported by the suspension and does not rotate, and has an outer peripheral 
surface formed with a first installation flange 12 for attaching it to the suspension, and an inner peripheral surface 
formed with outer-ring raceways 13. The inner ring assembly 130, which comprises a hub unit 16 and inner ring 72. is 
placed radially inside the outer ring 11 such that it is concentric with the outer ring 11. First and second inner-ring 
raceways 18. 20 are formed around the outer peripheral surface of the Inner ring assembly 130 such that they face 
the outer-ring raceways 13. Of these inner-ring raceways 18. 20. the first inner-ring raceway 18 is formed directly in 
the outer peripheral surface in the middle portion of the hub unit 16. Moreover, fitted onto the middle portion of this hub 
unit 16, further on the inner end inside than where the first inner-ring raceway 18 (right end side in Fig. 17), is the.inner 
ring 72 on the outer surface of which the second inner-ring raceway 20 is formed. Also, by placing several rolling 
members 21 between the outer-ring raceways 13 and the first and second inner-ring raceways 18. 20 so that they can 
rotate freely, the inner ring assembly 130 is supported so that it can rotate freely on the inside of the outer ring 11. 
[0181] In the embodiment shown in the figures, by forming the first inner-ring raceway 18 directly around the outer 
peripheral surface of the hub unit 16, as described above, the diameter of this first inner-ring raceway 18 is made 
smaller than the diameter of the second inner-ring raceway 20 which is fonned around the outer peripheral surface of 
the inner ring 72. Moreover, since the diameter of this first inner-ring raceway 18 is smaller than the diameter of the 
second inner-ring raceway 20. the diameter of the outer-ring raceway 13a on the axially outside (left side in Fig. 17) 
which faces the first inner-ring raceway 18 is smaller than the diameter of the outer-ring raceway 13b on the axially 
inside (right side in Fig. 17). Furthermore, the outer radius of the axially outside half of the outer ring 11 where the 
outside outer-ring raceway 13a is formed is smaller than the outer radius of the axially inside half of the outer ring 11 • 
where the inside outer-ring raceway 13b is formed. Moreover, in the embodiment shown in the figures, together with 
making the diameters of the first inner-ring raceway 18 and axially outside outer-ring raceway 13a smaller, the number 
of rolling members 21 located between this first inner-ring raceway 18 and axially outside outer-ring raceway 13a is 
less than the number of rolling members 21 located between the second inner-ring raceway 20 and the axially inside 
outer-ring raceway 1 3b. 

[0182J Also, there is a second mstallation flange 17 that is formed around the outer peripheral surface on the outer 
end of the hub unit 16 for attaching the road wheel to the hub unit 16 such that it is made In one piece with the hub 
unit 16, and the base end of several studs 34 for connecting the road wheel are attached to this second installation 
flange 17. In the embodiment shown in the figures, the pitch circle diameter of these studs is made smaller by just the 
amount the outer diameter of the axially outside half of the outer ring 11 is made smaller than the outside diameter of 
the axially inside half (so that the heads 35 of the studs 34 do not interfere with the outer peripheral surface on the 
outer end of the outer ring 11). On the outer peripheral surface of the hub unit 16. the diameter of the area further 
inward in the axial direction than the area where the first inner-ring raceway 18 is formed is made smaller than the 
diameter of the inscribed circle made by the rolling members 21 with respect to the first inner-ring raceway 18. The 
reason for this is so that when assembling the rolling-bearing unit for the wheel, the rolling members 21 can be placed 
on the Inside of the outer-ring raceway 13a on the inner peripheral surface on the outer end of the outer ring 11, as 
well as the hub unit 16 can be freely inserted on the inside of the outer ring 11 with the seal rings 28a fitted inside the 
inner peripheral surface on the axially outer end of the outer ring 1 1 . Moreover, all the way around the outer peripheral 
surface in the middle portion of the hub unit 16, in the area between the first inner-ring raceway 18 and the part around 
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which [he inner ring 72 is fitted, there Is a groove-shaped removed section 37 which makes it possible lighten the 

weight of the hub unit 16. 

[0183] In order to prevent the inner ring 72 that fits around the hub unit 16 from shifting and moving inward in the 
axiai direction, so that the value of preload applied to the rolling members 21 that are rotatably located between the 

5 outer-ring raceways 13a, 13b and the first and second inner-ring raceways 18, 20 is maintained at a proper value, a 
stop ring 39 is fitted into an anchoring groove 38 formed around the outer peripheral surface on the inner end side of 
the unit 16. This stop ring 39 is nrjade of a pair of semi-arc shaped ring elements. This kind of stop ring 39 applies the 
proper preload to the rolling members 21, by pressing the inner ring 72 outward in the axial direction toward the hub 
unit 16 to fit its inner edge in the anchoring groove 38. Even when the force, which presses the inner ring 72 axially 

10 outward in the axial direction, is removed, the proper preload must continue to be applied to the rolling members 21 
and therefore a stop ring 39 with adequate thickness is selected to be used. In other words, several kinds of stop rings 
39 are prepared having slightly differing thicknesses, and a stop ring 39 whose thickness is suitable to the relationship 
between the width of the anchoring groove 38 and the dimensions of the members of the rolling-bearing unit is selected 
and fitted in the anchoring groove 38. Therefore, when this slop ring 39 is filled in the anchoring groove 38, \{ prevents 

IS the inner ring 72 from shifting and moving inward in the axial direction even if the force pressing it is removed, and it 
is capable of maintaining the proper preload applied to the rolling members 21.. 

[01 84] To prevent this pair of retaining-ring element which make up the stop ring 39 from moving outward in the radial 
direction, and to prevent the stop ring 39 from accidentally falling dut of the anchoring groove 38, part of a spacer 40 
is placed around the stop ring 39. This spacer 40 is located on the inner end portion of the hub unit 16 and used for 
.20 fitting around the axially outer end of the boot 42 which prevents rain water, dust or other matter from getting into the 
constant velocity joint 1 of this invention. Moreover, there is a seal ring 28a located between the inner peripheral surface 
on the outer end of the outer ring 11 and the outer peripheral surface in the middle portion of the hub unit 16, and a 
seal ring 28b located between the inner peripheral surface on the axially inner end of the outer ring 11 and the outer 
peripheral surface on the inner end of the inner ring 72, so that they cover the openings on both ends of the space 44 

25 where the rolling members 21 are located. 

[0185] Furthermore, on the axially inner end of the hub unit 16, the area onto which the inner ring 72 and the axially 
outer end of boot 42 are fitted functions as the outer ring 3 of the constant velocity joint 1 . The eight outer engagement 
grooves 8 arc-shaped in cross section on the inner peripheral surface of this outer ring 3 are formed so that they are 
orthogonal to the circumferential direction (left and right in Fig. 17). Also, on the radially inside of this outer ring 3 is an 

30 inner ring 2 which forms together with the outer ring 3 the constant velocity joint 1 of the Rzeppa type. Moreover, eight 
inner engagement grooves 7 are formed on the outer peripheral surface of this inner ring 2 such that they are orthogonal 
to the circumferential direction. There is one ball 4 placed between each of these inner engagement grooves 7 and 
outer engagement grooves 8, for a total of eight balls 4, and they are held in pockets 10a, 10b which are formed in a 
retainer 9. Furthermore, a spline hole 147 is formed in the center of the inner ring 2 such that it runs in the axial direction. 

35 When attached to the automobile, the end of the drive shaft (not shown in the figures) is attached with 3 spline in this 
spline hole 147, and the hub unit 16 is able to rotate freely by way of the inner ring 2 and eight balls 4. 
[0186] Two kinds of pockets 10a. 10b with differing lengths are formed in the retainer 9 in the same way as in the 
prior construction shown in Figs. 1 thru 5 so that they alternate in the circumferential direction. In other words, the 
pockets 10a which are long in the circumferential direction are placed at every 90 degrees, and in the middle between 

40 pairs of long pockets 10a in the circumferential direction, are pockets 10b which are short in the circumferential direction. 
However, the embodiment shown in the figures differs from the prior construction in that the pitch of arrangement In 
the circumferential direction of the pockets 10a. 10b is not constant. This is described below together wtth the lengths 
In the circumferential direction of the pockets 10a. 10b. The lengths in the circumferential direction of these pockets 
10a. 10b are expressed in terms of the arc length around the edge of the opening on the outer peripheral surface of 

45 the retainer 9. 

[0187] First, if the center axis X of inner ring 2 (see Fig. 2) and the center axis Y of outer ring 3 (see Fig, 2) are greatly 
displaced in order to place the bails 4 in the pockets 10a, 10b, the balls 4 that have already been placed in the other 
pockets 10a, 10b. are at the maximum angle Yq (rad) thai they can move in the circumferential direction. This maximum 
angle Yq can be easily calculated from an equation to be given later, or by actual measurement. In the embodiment 

5D shown in the figures, a concave section 46 is formed around the edge on the opening of the outer ring 3. When placing 
the balls 4 inside the pockets 10a, 10b, this concave section 46. as shown in Fig. 20, prevents interference between 
the balls 4 and the edge around the opening of the outer ring 3. Moreover. In the embodiment shown in the figures, 
the balls 4 can be placed inside the pockets 10a, 10b even if the displacement of center axes X, Y is relatively small. 
Therefore, the maximum angle Yq is also smaller than in the prior construction. 

55 [0188] The concave section 46 prevents the shaft 47 of the ball installation jig {see Fig. 21) from coming In contact 
when the edge around the opening of the outer engagement grooves 8. and contributes to smooth installation of the 
balls. In other words, when placing the balls 4 inside the pockets 10a, 10b. the shaft 47 of the ball installation jig is 
inserted into the spline hole 147 in the inner ring 2, and rockingly moves the inner ring 2. When doing this, the outer 
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peripheral surface of the shaft 47 comes In contact with the edge around the opening of the outer grooves 8 formed 
with recess-land section around its circumference, which would give a strange feel to the operator operating the shaft 
47. However, in this embodiment of the invention, by forming the concave section 46, it is possible to prevent the edge 
around the opening from coming in contact with the outer peripheral surface of the shaft 47. In other words, when the 
shaft 47 is greatly lilted with respect to the outer ring 41, the outer peripheral surface of this shaft 47 comes in contact 
with the edge around the opening of this concave section 46. The edge around this opening is smooth ail the way 
around, therefor it does not give a strange feel to the operator operating the shaft 47. and contributes to smooth work. 
(0 1 89] If the center axis X of the inner ring 2 and the center axis Y of the outer ring 4 1 are maximally displaced during 
operation after the constant velocity joint 1 has been completely installed, then the balls 4 inside the pockets 10a, 10b 
move to a maximum angle (rad) in the circumferential direction. This maximum angle can also be easily calculated 
from an equation to be given later, or from actual measurement. Furthermore, the outer diameter of the retainer 9 is 
Dc (see Fig. 19). 

[0190] In the case of the constant velocity joint of this invention, wilh the conditions described above, if the difference 
between arc lengths, or lengths in the circumferential direction, on the outer peripheral surface of the retainer 9 of the 
two kinds of pockets 10a. 10b. is taken to be AL, then the size of the retainer 9 and pockets 10a, 1 0b are regulated to 
satisfy the equation, (Yq - yi) Dc / 2 ^ AL ^ (yo - 7i) • Dc. By satisfying these conditions for the constant velocity joint 
of this invention, it is possible to place the balls 4 inside the pockets 10a, 10b. while at the same time increase the 
length in the circumferential direction of the column section between pair of adjacent pockets 10a, 10b in the circum- 
ferential direction. This will be further explained below. 
20 [0191] First, Fig, 22 will be used to explain the state when the balls 4 are placed inside the pockets 10a. 10b. Fig. 
22 diagrammaticaly shows the location of the pockets 10a. 10b in the retainer 9b and their respective lengths in the 
circumferential direction. The parts indicated in this figure are the same as that of Fig. 10. The solid arrows in Fig. 22 
show the direction that balls 4 that have already been placed in the pockets 10a, 10b move in the circumferential 
direction with respect to the retainer 9b when the center axis of the inner ring 2 and the center axis of the outer ring 3 
25 are greatly displaced to place balls 4 in some of the pockets 10a, 10b (in the step to sequentially install the balls 4 from 
the radially inside to the radially outside in a concentric manner and in the step to install the balls into the pockets 10a. 
10b on the arc portions concentric with the arrows in Fig. 22), Also, the dashed arrows show the direction that the 
retainer. 9 is rotated in when the balls 4 that have already been placed in other pockets 10a. 10b press against the 
edges in the circumferential direction of the pockets 10a, 10b when the center axis of the inner ring 2 and the enter 
30 axis of the outer ring 41 are greatly displaced in order to place balls 4 in some of the pockets 10a. 10b. Moreover the 
length of the arrows indicates the respective amount of displacement. However, in Fig. 22. the amount of space occu- 
pied by the balls 4 with respect to the length in the circumferential direction of the pockets 10a, 10b is considered to 
not exist in the same way as In Fig. 10 described above, and indicate the length that the bails 4 can be displaced. As 
shown in Fig. 22, in the case of this invention, the pitch angles in the circumferential direction of the pockets 10a, 10b 
35 are not constant. In other words, there are places where the pitch angle is [ jr / 4 radian + (Yq - Yi) / 2] and there are 
places where the pilch angle is [ n / 4 radian - (Yq - Ti) / 2] and two of each pitch angle makes one set. with the sets of 
pitch angles that are [ ti / 4 radian + (yq - y^) / 2) and those that are [ ti / 4 radian - {yq - y^) / 2] alternating in the 
circumferential direction. Also, the pockets located in the centers of the sets of two pitch angles that are indicated as 
® .(D . © and® are the pockets 10b, whose lengths are short in the circumferential direction, and the pockets 
40 located in the centers of the sets of two pilch angles that are indicated as® . ® . (g) and ® are the pockets 10a, 
whose lengths are long in the circumferential direction. 

[0192] In order to place the balls 4 inside the pockets 10a, 10b, formed in the retainer 9 of the constant velocity joint 
1 of this invention, first, of the four pockets 10b whose lengths are short in the circumferential direction, balls 4 are 
placed one at a time in order as shown in Fig. 22 in the pockets 10b which are indicated as® and® in Fig. 22. And 
45 then, balls 4 are placed one at a time in order as shown in Fig. 22 in the pocket 1 0a, indicated as (D and © in Fig. 
22, whose length are long in the circumferential direction. Upon doing this, as the center axis of inner ring 2 and the 
center axis of outer ring 3 are greatly displaced in the direction of bending, the balls 4 , which have already been placed 
in the pockets 10b indicated as® and® , move in the circumferential direction toward the pockets 10a indicated as 
0 and © . During this displacement, the rolling surface of the balls 4 comes in contact with the inside surface on the 
50 end in the circumferential direction of Ihe pockets 10b indicated as ® and ® . After these surfaces have come in 
contact, if the center axis of inner ring 2 and the center axis of outer ring 3 are further displaced in the bending direction, 
the balls 4 press against the retainer 9 in the circumferential direction, and this retainer 9b rotates only (yq - y^) in the 
circumferential direction, as shown by the dashed arrows which correspond to the pockets 10a indicated as® and 
© in Fig. 22 (above the shaded area for areas® and© in Fig. 22). For simplification, the set amount of extra space 
A ydue to production tolerances, is not considered.) Since the lengths of the pockets 10 indicated as ® and © in 
Fig. 22 are long in the circumferential direction, even if the retainer 9 rotates like this in the circumferential direction, 
these pockets 10a and the inner and outer engagement grooves 7. 8 (see Fig. 17) match just enough to install the 
balls 4. Therefore, it is possible to place the balls 4 inside the pockets 10a indicated as® and © in Fig. 22. 
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[0193] Nexl. balls 4 are placed in order one at a time, as shown in Fig. 22, in the remaining pockets 10a which are 
indicated as® and® in Fig. 22. When doing this, as the center axis of inner ring 2 and the center axis of outer ring 
3 are greatly displaced in the bending direction, the balls 4 that have already been placed in the pockets 1 0b Indicated 
as® and© move in the circumferential direction in the direction of the pockets 10a indicated as® and @ . Also, 

5 when they are moving, these balls 4 come In contact with the inside surface at the end in the ciurcumferenlial direction 
of the pockets 10b indicated as® and® . After these surfaces come in contact, if the center axis of inner ring 2 and 
the center axis of outer ring 3 are bent even further, the balls press the retainer 9 in the circumferential direction to 
cause the retainer 9 to rotate in the circumferential direction with respect to the pockets 10a indicated as® and (§) 
in Fig. 22 as shown by the dashed arrows. At this moment, the balls 4 installed in the pocket 10a, indicated as® and 

TO © never move to and from the pocket 10a indicated as® and© . Moreover, retainer 9 moves in the circumferential 
direction relative to the balls 4 that have already been placed in pockets 10a indicated as (2) and © , However, since 
the pockets 10a indicated as® and© are long in the circumferential direction, the bails 4 that are placed in these 
pockets 10a indicated as® and © do not come in contact with the inside surface at the end in the circumferential 
direction of these pockets 10a. Also, due to the balls placed inside the pockets 10b indicated as® and© , the retainer 

IS 9 rotates in the counterclockwise direction of Fig. 22 just the amount (Yq - y-i)- Even when the retainer 9 rotates in the 
circumferential direction like this, these pockets 10a line up with the inner and outer engagement grooves 7, 8 just 
enough for the balls 4 to be installed. Therefore, it is possible to place the balls 4 in the pockets 10a indicated as® 
and®. 

[0194] Finally, balls 4 are placed in order one at a time, as shown in Fig. 22, inside the remaining pockets 10b 

20 indicated as® and 0 in Fig. 22. When doing this, as the center axis of the inner ring 2 and the center axis of the 
outer ring 3 are greatly displaced in the bending direction, the balls 4 that have already been placed in the pockets 
10a indicated as® .® ,© and® move in the circumferential direction toward the pockets 10b indicated as® and 
® . However, since these pockets 10a indicated as® , ® , © and ® are long In the circumferential direction, the 
balls 4 inside these pockets 1 0a indicated as @ , ® . © and ® do not come in contact with the inside surface of the 

25 end in the circumferential direction of these pockets 10a. Moreover, the balls 4 that have already been placed in the 
pockets 10b indicated as® and © move very little if any in the circumferenlial direction because the both of these 
pockets 1 0b are orthogonal to the bending direction of both of the aforementioned center axes. Therefore, by sufficiently 
bending the center axis of inner ring 2 and the center axis of outer ring 3, the balls 4 can be placed inside the pockets 
. 1 0b indicated as® and® . fn the assembly of this embodiment, when placing the first ball 4 in the pocket 10a indicated 

30 as ® (or© ), it is also possible to place a ball 4 at the same time in the adjacent pocket 10b in the circumferential 
direction. After the first two balls 4 have been put in place, the position in the circumferential direction of the retainer 
9 is regulated with respect to inner ring 2 and outer ring 3. and therefore it is not necessary to be concerned about 
positioning the retainer 9 in the circumferential direction when installing the remaining balls 4. 
[0195] Next, the reasons why it is possible for the constant velocity joint of this invention, with balls 4 placed in the 

35 pockets 10a, 10b of the retainer 9 as described above, to maintain the strength of the retainer 9. \n the prior construction 
as shown in Figs. 6 thru 10, when placing the balls 4 in some of the pockets 10a, 1 0b. if the balls 4 which have already 
been placed in other pockets 10a, 10b are not allowed to press against the inside surface at the end in the circumferential 
direction of the pockets 10a (or 10b) to move (rotate) the retainer 9 in the circumferential direction, then the desired 
length in the circumferential direction of the pockets 10a, 10b is considered as follows. Incidentally, as can be clearly 

40 seen from the explanation above, desired length in the circumferential direction of the retainer pockets of the constant 
velocity joint of the Rzeppa type is the sum of the outer diameter of the ball held in the pockets and the amount of 
displacement of that ball in the circumferential direction. The outer diameter of the balls is constant for all of the balls, 
so it will be omitted in the following explanation, and for convenience sake, the amount that the balls held inside the 
pockets is allowed to move in the circumferential direction is taken to be the length of the pocket in the circumferential 

45 direction. 

[0196J First, in the case of the prior construction shown in Figs, 6 thru 1 0. minimum value of the length of the pockets 
10a. which are long in the circumferential direction, is [Jq-Oc Dq ]. Also, the minimum value of the length of the pockets 
10b, which are short in the circumferential direction, is [y^ • Dc + Dg]. Therefore, the difference, A L. between the lengths 
in the circumferential direction of the two kinds of pockets 10a, 10b is (Yo Dc + Dg) - [yyOc + Dq) = (yq - y^) Dc. 

50 [0197] On the other hand, in this invention, when placing some of the balls 4 in the pockets 10a, 10b, if the balls 4, 
that have already been placed in other pockets 10a. 10b. press against the inside surface at the end in the circumfer- 
ential direction of the pocket 10a (10b) to move (rotate) the retainer 9 in the circumferential direction, the length of the 
pockets 10a, which are long in the circumferential direction, becomes (yq + yi) Dc / 2 + Dg. Also, the length of the 
pockets 10b, which are short in the circumferential direction, becomes Yi Dc + Dg. Therefore, the difference, AL, be- 

55 tween the lengths in the circumferential direction of these two kinds of pockets 10a, 10b becomes [(yo Yi)Dc / 2 + 
Db) - (Yi Dc + Dg) = (yo - Yi) Dc / 2. The length of the short pockets 10b is the same for both the prior construction and 
this invention, therefore the length of the column section 30 can be increased by the amount that the difference, AL, 
is decreased (yq - Yi) Dc / 2. In other words, overall, the amount that the length of the column sections 30 can be 



21 



EP 1 326 027 A1 



increased is by the amount of 2(yo - yy)Oc. 

[0198] (n other words, the angle of displacement of the balls A inside the pockets 10b. which are short in the circum- 
ferential direction, is delermined by the maximum joint angle when using the constant velocity joint, and is (2 7o) ^or 
both the prior construction and this invention. Therefore, increasing the length in the circumferential direction of the 

5 column sections 30. which exist between pairs of adjacent pockets 1 0a. 1 0b in the circumferential direction, depends 
on how much the length of the pockets 10a. 10b, which are long in the circumferential direction, can be made smaller. 
In the case of the prior construction, since rotation of the retainer 9 when placing the balls 4 inside the pockets 10a, 
10b was not considered, the length of the long pockets 10a could not be decreased very much. On the other hand, in 
the case of this invention , since rotation of the retainer 9 is used, It is possible to decrease the length of the long pockets 

10 10a. Particularly, by rotating the retainer 9 to its maximum limit when Installing the bails 4. it is possible to decrease 
the length of the pockets 10a to a minimum length, and to increase the length of the column section 30 to a maximum. 
The difference in arc length between the length of the long pockets 10a and the length of the short pockets 10b when 
the length of the column sections is increased to a maximum becomes (yq - y^) Dc / 2. 

[0199] However, in the actuality, when taking the ease of installing the balls 4, variations in dimensions of the com- 
15 . ponents. and pitch tolerance when placing the baits 4 inside the pockets 10a. 10b, the angle of displacement of the 
balls held in the long pockets 10a is kept a little more than (yq + Yi)- Moreover, in order to increase the length of. the 
column section 30 it is best to keep the angle of displacement of the balls 4 held in the long pockets 10a to-(yo + y.^). 
The tolerance due to variations should be kept as small as possible. 

[0200] The maximum value of the angle of displacement of the balls 4 in the long pockets 10a is (2yo) If the retainer 
20 is not rotated when placing the balls 4 in the pockets 10a. 10b. Under the conditions of this invention, the angle of 
displacement of the balls held in the long pockets 10a was greater than (yq + y,) and less than (2 yq). If the angles Yq 
and y^ can be calculated from the following equations: 

25 Yo = - tan'"* (tan B,^ • cos 

B/!^ = 360 degrees / Number of balls 4 (eight) = 45 degrees (;r / 4 radian) 

('Jq: Angle of inclination of the retainers 9 when installing the balls 4 (1/2 of the joint angle) 

30 _^ . 

y^ = B„ - tan (tan • cos 9^) 

01 : Angle of inclination of the retainers 9 when the maximum joint angle in use is applied (1/2 of joint angle) ' 
Bn= 46.2 deg. (If the joint angle. 2 • 8-,. is 46 degrees, then the angle of inclination. of the retainers 9 is 23 

35 degrees. Then Bn is 46.2 degrees.) 

[0201] In the rolling-bearing unitfor wheels with a constant velocity joint, constmcted as described in the embodiment 
above, supporting the road wheel so that it rotates freely with respect to the suspension, is the same as for the rolling- 
bearing unit for wheels with the prior constant velocity joint. Moreover, in the case of the rolling-bearing unit for wheels 
with the constant velocityjointof this invention, the number of Inner and outer engagement grooves 7, 8 of the constant 

40 velocity joint 1 is eight, and the number of balls 4 used is eight, therefore, as torque is transmitted between the hub 16 
and the inner ring 2 when using the rolling-bearing unit for wheels, it is possible to make the size of the load applied 
to each of the balls 4 of the constant velocity joint 1 less than that of the prior construction shown in Figs. 2 and 3. 
Therefore, it is possible to decrease the outer diameter of the balls 4 by that amount, as well as decrease the diameter 
of the circumscribed circle of the balls 4 which are arranged in a circular pattern, and the diameter of the circumscribed 

45 circle of the outer engagement grooves 8. Therefore, by the amount that the diameter of the circumscribed circle of 
the outer engagement grooves 8 is decreased, It is possible to reduce the outer diameter dimensions of the rolling- 
bearing unit for wheels and make it more compact and light weight. 

[0202J In the structure of this example, the number of balls is increased from six to eight, while the outer diameter 
of balls is decreased, thereby effectively decreasing the outer diameter dimensions of the rolling bearing unit. 

50 [0203] Particularly, in the case of the rolling-bearing unit with constant velocity joint of this invention, it is possible to 
place the balls 4 in the pockets 10a, 10b of the retainer 9, and maintain the dimensions of the column section 30 
between pairs of adjacent pockets 10a, 10b in the circumferential direction, thus improving the durability of the retainer 
9. As a result, it Is possible to make the constant velocity joint 1 more compact, which contributes to making it possible 
to Integrate the outer ring 3 of the constant velocity joint 1 and the hub unit 16 of the rolling-bearing unit for wheels in 

55 creating a fourth-generation hub unit. 

[0204] Particularly, as illustrated, by disposing the outerhalf of the outer engagement grooves Bon the radially inside 
of the second inner ring raceway 20, not only the outer diameter dimensions but also the axial dimensions of the rolling 
bearing unit can be reduced, so that the whole apparatus is effectively made compact and light weighted. In the con- 
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struclion of this example, the Inner ring raceway 20 of the rolling bearing unit must be made larger than the outer 
engagement grooves 8, so the outer diameter dimensions of the rolling bearing unit are enlarged. 
[0205] In the structure of this example, the number of balls is increased from six to eight, while the outer diameter 
of balls Is decreased, thereby effectively decreasing the outer diameter dimensions of the rolling bearing unit. 

5 [0206] Furthermore, in the embodiment shown in the figures and as described above, by reducing the diameter of 
the pitch circle of the outer rolling members 21, it is possible to reduce the outer diameter of the axlally outer half of 
the outer ring 11 . Also, by the amount that the outer diameter of the axially outer half of the outer ring 11 is decreased, 
it Is possible to reduce the diameter of the pitch circle of the studs 34 which are fixed to the second installation flange 
17 on the outer peripheral surface of the hub unit 16. Therefore, with the dimensions in the axial direction of the hub 

10 unit 16 not increased, it is possible to decrease the outer diameter of the second installation flange 17 to which the 
studs 34 are attached, and make It possible to make the rolling-bearing unit for wheels even more compact and light 
weight. 

[0207] As the diameter of the pitch circle of the rolling members 21 of the outside row is made smaller then the 
diameter of the pitch circle of the rolling members 21 of the inside row, the basic rated load of the outer row of rolling 

15 members becomes, less than the basic rated load of the inner row of rolling members. Therefore. If the load on both 
rows is the same, then the life of the outer rolling members becomes shorter than the life of the inner rolling members, 
On the other hand, for a normal automobile, the load applied to the outer row of rolling members is less than the load 
applied to the inner row of rolling members. Therefore, designing both rows so that their lives are about the same 
becomes easier and more efficient. In the embodiment shown in the figures, balls are used as the rolling members 21 , 

20 however, in the case of a rolling-bearing unit for an automobile that carries heavy loads, it is also possible to use tapered 
rollers as the rolling members. Of course, this invention can also be applied to a rolling-bearing unit which uses tapered 
rollers as the rolling members. 

[0208] ' In the constant velocity joint of the present invention, constructed and operated as mentioned above, with the 
number of balls for power transmission being eight, the construction can be reduced In outer diameter, and the rigidity 
25 of the cage for holding the balls can be made higher to improve the durability of the cage. Accordingly, the rolling 
bearing unit for wheels combined Integrally with the constant velocity joint, so called the fourth generation hub unit, 
can be made compact and light weighted with sufficient durability maintained. 

[0209] In the illustrated example, in Fig, 17 a recessed portion 46 is generally circumferentially formed along the 
open peripheral edge portion of the outer member or ring 3. Upon installing the balls 4 inside the pockets 1 0, interference 
30 between the balls 4 and the open peripheral edge portion of the outer member or ring 3 as shown in Fig. 20. Accordingly, 
even if the displacement amount between the central axis X of the inner ring 2 and the centra! axis Y as shown in Fig. 
2 is relatively small, the balls 4 can be installed in the pockets 10, respectively 

[0210] With the recessed portion 46, the shaft 47 (Fig. 21 ) of the ball installation tool is prevented from coming into 
contact with the open end edge portion of the outer engagement grooves 8 for smooth ball installation. Specifically, in 
35 order to Install the balls 4 into the pockets 10, the shaft 47 is inserted into the spline hole 51 of the inner member or 
ring 2 for rocking displacement of the inner ring 2. 

[0211] Here, when the outer peripheral surface of the shaft 47 comes into contact with the open end edge portion 
of the outer engagement grooves 8 defining recesses and lands in a circumferential direction, the operator handling 
the shaft 47 would feel strange. 

40 [0212] On the contrary, in the present example, where the recessed portion 46 is formed, the open end edge portion 
is prevented from coming into contact with the outer peripheral surface of the shaft 47. Specifically, when the shaft 47 
is largely inclined with reference to the outer member or ring 3, the outer peripheral suri'ace of the shaft 47 is engaged 
with the open peripheral edge portion of the recessed portion 46. Since the open peripheral edge portion smoothly 
extends generally along the circumference, the operator handling the shaft 47 never feels strange, and the operation 

45 can be smoothly carried out. 

[0213] With the constant velocity joint 1 as constructed above, the relations between the pitch circle diameter Dp of 
the eight balls 4, the diameter Dg of the balls 4. and the pilch circle diameter Dg of the female serration on the Inner 
peripheral surface of the serration hole are controlled as in 3.5 ^ Dp / Dg ^ 3.9, 2.0 ^ Dp / Dg ^ 2.2, and 0.51 ^ ^ 
Db/Ds^O.63. 

50 [0214] In operation, the rolling bearing unit with the constant velocity joint 1 as constructed above in the present 
example can support rotatably a vehicle wheel with reference to the suspension as in the rolling bearing unit with the 
conventional constant velocity joint Installed therein. 

[0215] In the constant velocity joint 1 of the present example, even when the number of balls 4 is increased from six, 
generally conventionally used, to eight with the ball diameter reduced In order to make it compact, the strength and 
55 durability of cage 9. inner ring 2 and outer ring 3 could be kept the same to those of the conventional one with six balls. 
Thus, a compact constant velocity joint 1 is achieved without compromising the strength and durability in elements and 
the so-called fourth generation hub unit comprising the hub 16 of the rolling bearing unit for wheels integrally combined 
with the constant velocity joint 1 can be made practical. 
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[02161 In the case of the rolling bearing unilforwheels having the constant velocity joint 1 of the present embodiment, 
the number of the inner and outer engagement grooves 7, 8, and bads is eight, and therefore upon torque transmission 
between the hub 16 and the inner member or ring 2 during use of the bearing unit, the load applied to the balls 4, 
respectively, of the constant velocity joint 1 can be made lower than in the conventional structure as shown in Figs. 2 

5 and 3. Accordingly, by that amount, the outer diameter of the balls 4, and the diameter of the circumscribing circle of 
the balls 4 assembly arranged, and the diameter of the circumscribing circle of the outer engagement grooves 8 can 
all be reduced. Further, as the diameter of the circumscribing circle ofthe outer engagement grooves 8 is reduced, the 
outer diameter of the rolling bearing unit for wheels can be reduced to make the whole apparatus compact and light- 
weight, keeping the strength and durability in constituent elements. 

10 [0217J Particularly, as In the Illustrated examples, as the outer half portion of the outer engagement grooves 8 is 
disposed on the inner diameter side ofthe second inner ring raceway 20, not only the outer diameter but also the axia! 
size of the rolling bearing unit for wheels can be made small to efficiently make the whole apparatus compact and light- 
weight. In such a structure of the present embodiment, the second inner ring raceway 20 of the main body of the rolling 
bearing unit must be made larger than the outer engagement grooves 8, so that the outer diameter of the main body 

15 of the rolling bearing unit is enlarged. Therefore, the number of balls 4 is increased from six to eight with the outer 
diameter of the rolling bearing unit can be made smaller, which is an outstanding effect of the present invention. 
[0218] In addition, in the illustrated example, as mentioned above, the pitch circle diameter ofthe rolling members 
21 on the axially outer row is made smaller to reduce the outer diameter of the outer half portion of the outer member 
or ring 3. And by that amount, the pitch circle diameter of the studs 34 fixed to the second mount flange 17 on the outer 

20 peripheral surface of the hub 16 can be made small. Accordingly, without enlarging the axial size of the hub 16, the 
outer diameter of the second mount flange 17 for fixedly supporting the studs 35 can be made smaller to efficiently 
make the rolling bearing unit compact and light-weighted. 

[0219] Since the constant velocity joint of the present embodiment is constructed and operated as mentioned above, 
the outer diameter is made smaller with the number of the balls being eight for rotational power transmission while the 
25 strength and durability in constituent elements are secured. Accordingly, the rolling bearing unit for wheels having the 
constant velocity joint integrally combined with it, so-called fourth generation hub unit, can be made compact and light- 
weighted with keeping sufficient durability. 
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1 . A constant velocity joint comprising an inner member (2) having an inner engagement groove (7), an outer member 
(52,3) having an outer engagement groove (8), a cage (9) and eight engagement balls (4) provided in the cage 
between the inner engagement groove and the outer engagement groove, wherein the cage (9) has longer and 

35 shorter pockets (10a, 10b). and the shorter pockets (10b) are disposed with an interval of 90 degrees, and the 

difference between longer and shorter pockets is In the relation of (yo-Yi)Dp/2<AL<(Yo-7i)Dc. in the case where the 
center axis of the inner member (2) and center axis of the outer member (52.3) are greatly displaced when placing 
a ball (4) inside each of the pockets, the maximum angle that the balls (4) which have already been placed inside 
the pockets move in a circumferential direction is taken to be Jq (radian), and in the case where the center axis of 

40 the inner member (2) and the center axis of the outer member (52,3) of the constant velocity joint after completed 

are displaced to the maximum position during use, the maximum angle that the balls (4) inside the pockets move 
in the circumferential direction is taken to be 7, (radian), and if the outer diameter of the cage (9) is taken to be 
Dc, and difference in arc lengths in the circumferential direction ofthe two kindsof pockets (10a. 10b) on the outside 
of the cage is taken to be AL. 

45 

2, A constant velocity joint comprising an inner ring member (2) having an inner engagement groove (7). an outer 
ring member (52.3) having an outer engagement groove (8). eight engagement balls (4) provided between the 
inner engagement groove and the outer engagement groove, and a bearing having a flange member (12). first 
and second outer races (11), first and second inner races (14.15), and rolling members (21) between the first and 

50 second outer races and the first and second inner races, the first outer race provided on a vehicle wheel side and 

directly formed on the flange member (12). the second outer race provided on an input shaft side and directly 
formed on the flange member (12), the first inner race (14) having a flange (17) for mounting a vehicle wheel 
provided on the vehicle wheel side and directly on the outer periphery thereof and having a female serrated section 
on the input shaft side, the second inner race (15) provided on the input shaft side and on the outer periphery of 

55 the outer ring member (52) of the constant velocity joint, and having a male serrated section (62) on the vehicle 

wheel side fitted in the female serrated section of the first inner race (14). the second inner race (15) has a raceway 
diameter larger than the bottom diameter ofthe outer engagement groove (8) of the outer ring member (52) of the 
constant velocity joint. 
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